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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
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Introduction

10589:2002(E)

This International Standard is one of a set of International Standards produced to facilitate the interconnection of open systems.
The set of standards covers the services and protocols required to achieve such interconnection.

The protocol defined in this International Standard is positioned with respect to other related standards by the layers defined in
ISO 7498 and by the structure deﬁned in ISO 8648 In partlcular it is a protocol of the Network Layer Thrs protocol permits

Intermediate S

of the routeirlg and relaymg functrons of the Network Layer

ite the operation

The protocol is designed to operate in close conjunction with ISO 9542 and ISO 8473. ISO 9542 is used to establish

connectivity
using the pro

and reachability between End Systems and Intermediate Systems on individual subnétworks.
ocol specified in ISO 8473. The related algorithms for route calculation and maintenance are als

The intra-donain IS-IS routeing protocol is intended to support large routeing domains(Consisting of combi
types of subrjetworks. This includes point-to-point links, multipoint links, X.25 subnetworks, and broadcast s

as ISO 8802

In order to sy

domain may

referred to as

[ _ANs.

track of the gaths to destination areas. Level 1 Intermediate Systems/keep track of the routeing within their o
NPDU destirjed to another area, a Level 1 Intermediate System sends the NPDU to the nearest level 2 IS

regardless of]

travels via leyel 1 routeing to the destination End System.

Data is carried
described.

hations of many
ibnetworks such

pport large routeing domains, provision is made for intra-domainirouteing to be organised hierardhically. A large
be administratively divided into areas. Each system resides im exactly one area. Routeing within an area is
Level 1 routeing. Routeing between areas is referred to as-lével 2 routeing. Level 2 Intermediate Systems keep

Wwn area. For an
in its own area,

what the destination area is. Then the NPDU travielsrvia level 2 routeing to the destination areg, where it again
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INTERNATIONAL STANDARD

ISO/IEC 10589:2002(E)

Information technology — Telecommunications and information exchange between
systems — Intermediate System to Intermediate System intra-domain routeing
information exchange protocol for use in conjunction with the protocol for providing
the connectionless-mode network service (ISO 8473)

1 Scop

This Internat

onal Standard specifies a protocol which is used by Network Layer entities operating the-prot

col specified in

ISO 8473 in|Intermediate Systems to maintain routeing information for the purpose of routeing Within af single routeing
domain. Thq protocol specified in this International Standard relies upon the provision of a connectionless-thode underlying
service.”

This Internat

onal Standard specifies:

a) procedures for the transmission of configuration and routeing information betwegnnetwork entities residipg in
Intermefliate Systems within a single routeing domain;

b) the encqding of the protocol data units used for the transmission of the configuration and routeing informgtion;

¢) procedures for the correct interpretation of protocol control information;‘and

d) the fundtional requirements for implementations claiming conformjance to this International Standard.

The procedutes are defined in terms of

the intet

a)
b) the intet
primitiv
the con
informa

c)

2

The followin
International
apply. How
applying the
normative d
Standards.

Normative references

actions between a Network entity and an underlying service provider through the exchange of sul
es; and

traints on route determination whichsmust be observed by each Intermediate system when eac
tion base which is consistent with the-others.

o normative documients contain provisions which, through reference in this text, constitute pi
Standard. Forydated references, subsequent amendments to, or revisions of, any of these pub
pver, parties-tonagreements based on this International Standard are encouraged to investigate t
most recent\editions of the normative documents indicated below. For undated references, the lat
cument-teferred to applies. Members of ISO and IEC maintain registers of currently va

ISO/IEC 749

actions between Intermediate system Network ¢htities through the exchange of protocol data units;

>

network service

h has a routeing

ovisions of this
lications do not
he possibility of
est edition of the
id International

Basic Model

8-1:1954, Injormation technology — Upen dystems Inlterconnection — pasic Kejerence vodel: 1he

ISO/IEC 7498-3:1997, Information technology — Open Systems Interconnection — Basic Reference Model: Naming and
addressing

ISO/TIEC 7498-4:1989, Information processing systems — Open Systems Interconnection — Basic Reference Model — Part 4:
Management framework

ISO/IEC 8208:2000, Information technology — Data communications — X.25 Packet Layer Protocol for Data Terminal
Equipment

D See ISO 8473 and its addendum 3 for the mechanisms necessary to realize this service on subnetworks based on ISO/IEC 8208,
1SO 8802, and the OSI Data Link Service.
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ISO/IEC 8348:1

996, Information technology — Open Systems Interconnection — Network Service Definition

ISO/IEC 8473-1:1998, Information technology — Protocol for providing the connectionless-mode network service: Protocol

specification

ISO/IEC 8473-4:1995, Information technology — Protocol for providing the connectionless-mode network service: Provision of
the underlying service by a subnetwork that provides the OSI data link service

ISO 8648:1988, Information processing systems — Open Systems Interconnection — Internal organization of the Network Layer

ISO/IEC TR 8802-1:1997, Information technology — Telecommunications and information exchange between systems — Local
and metropolitan area networks — Specific requirements — Part 1: Overview of Local Area Network Standards

ISO/IEC 8802-2
metropolitan ar

ISO/IEC 8802-3
metropolitan a
(CSMA/CD) acd

ISO/IEC 8802-5
metropolitan ar

ISO/IEC 8802-6
metropolitan af
physical layer s

ISO/IEC 9314 (

ISO 9542:1988,
system to Inten
connectionless-

ISO/IEC TR 95
Routeing Frame

ISO/IEC TR 95

ISO/IEC 15802
and metropolitd

ISO/IEC 10165
Structure of ma

ISO/IEC 10165
Part 4: Guidelil

:1998, Information technology — Telecommunications and information exchange between system,
ba networks — Specific requirements — Part 2: Logical link control

:2000, Information technology — Telecommunications and information exchange betweén' system.
ea networks — Specific requirements — Part 3: Carrier sense multiple access\With collis
ess method and physical layer specifications

:1998, Information technology — Telecommunications and information exchange between system.
a networks — Specific requirements — Part 5: Token ring access method and physical layer speciff

:1994, Information technology — Telecommunications and informatien exchange between system.
ea networks — Specific requirements — Part 6: Distributed Queue Dual Bus (DQDB) access
becifications

1 parts), Information technology — Fibre Distributed Data Interface (FDDI)

Information processing systems — Telecommunications and information exchange between s
mediate system routeing exchange protocolfor’use in conjunction with the Protocol for |

node network service (1SO 8473)

[5:1995, Information technology — Telecommunications and information exchange between s
work

[7:1999, Information technology.+ Protocol identification in the network layer

1 area networks — Common specifications — Part 1: Medium Access Control (MAC) service defin

1:1993, Information technology — Open Systems Interconnection — Management Informatio
pagement information: Management Information Model

4:1992 ~Juformation technology — Open Systems Interconnection — Structure of management
es for-the definition of managed objects

ISO/IEC 10733

s — Local and

s — Local and
on detection

s — Local and
fcations

— Local and
method and

stems — End
broviding the

stems — OS]

1:1995, Information technology — Telecommunications and information exchange between systems — Local

fion

n Services —

nformation —

1998, Information technology — Elements of management information related to the OSI Network

Layer

ISO/IEC 8824-1:1998, Information technology — Abstract Syntax Notation One (ASN.1): Specification of basic notation

ISO/IEC 8825-1:1998, Information technology — ASN.1 encoding rules: Specification of Basic Encoding Rules (BER),

Canonical Enco

ding Rules (CER) and Distinguished Encoding Rules (DER)

ISO/TEC 9646-7:1995, Information technology — Open Systems Interconnection — Conformance testing methodology and
framework — Part 7: Implementation Conformance Statements

ISO/TIEC 10165-6:1997, Information technology — Open Systems Interconnection — Structure of management information:
Requirements and guidelines for implementation conformance statement proformas associated with OSI management

NOTE 1 — ISO/IEC 9646-1:1994 and ISO/IEC 9646-2:1994 supersede ISO/IEC 9646-1:1991 and ISO/IEC 9646-2:1991 respectively. However, when
this International Standard was under development, the previous editions were valid and this International Standard is therefore based on these editions,
which are listed below.
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ISO/IEC 9646-1:1991, Information technology — Open Systems Interconnection — Conformance testing methodology and
framework — Part 1: General concepts

ISO/IEC 9646-2:1991, Information technology — Open Systems Interconnection — Conformance testing methodology and
framework — Part 2: Abstract test suite specification

3 Definitions

3.1 Reference model definitions

This International-Standard-makes-use-of the-following terms-defined-in 1S0-7498:
a) Network|Layer

b) Network|Service access point

¢) Network]Service access point address

d) Network]entity

e) Routeing

f) Network|protocol

g) Networkrelay

h) Network]protocol data unit

3.2 Network layer architecture definitions

This International Standard makes use of the following terms defined in ISO 8648:
a) Subnetwprk

b) End system

c) Intermediate system

d) Subnetwprk service

e) Subnetwprk Access Protocol

f) Subnetwprk Dependent Convergence Protocol

g) Subnetwprk Independent Convergence Protocol

3.3 Network layer addressing definitions

This Internatjonal Standard makes use of the.following terms defined in ISO 8348:
a) Subnetwprk address

b) Subnetwprk point of attachment

c) Network|Entity Title

3.4 Local area network definitions

This International Standard makes use of the following terms defined in ISO 8802:
a) Multi-debtination address

b) Media agcesscontrol

¢) Broadcastmedium

3.5 Routeing framework definitions

This International Standard makes use of the following terms defined in ISO/IEC TR 9575:

a) Administrative Domain
b) Routeing Domain

c) Hop

d) Black hole

3.6 Additional definitions

For the purposes of this International Standard, the following definitions apply:

© ISO/IEC 2002 — All rights reserved
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3.6.1 area: A routeing subdomain which maintains detailed routeing information about its own internal composition, and also
maintains routeing information which allows it to reach other routeing subdomains. It corresponds to the Level 1
subdomain.

3.6.2 neighbour: An adjacent system reachable by traversal of a single subnetwork by a PDU.

3.6.3 adjacency: A portion of the local routeing information which pertains to the reachability of a single neighbour ES or IS
over a single circuit.

Adjacenc

ies are used as input to the Decision Process for forming paths through the routeing domain.

A separate adjacency is created for each neighbour on a circuit, and for each level of routeing (i.e. level 1 and level 2)

on a broa;

3.6.4 circuit: Al
of a circul

3.6.5 link: The
A link is

3.6.6 designate
generates

3.6.7 pseudono
considerd

The pseu
pseudong
of the psd

3.6.8 broadcast
additional
SN_UNIT

3.6.9 general t
systems, b
subnetwor|

3.6.10 routeing

3.6.11 level 2 sy

3.6.12 jitter: a
systems fr

dcast circuit.

subset of the local routeing information base pertinent to a single local SNPA. The system fhang
it is presented in a linkage managed object.

fommunication path between two neighbours.

‘up” when communication is possible between the two SNPAs.

 IS: The Intermediate system on a LAN, which is designated to perfofm, additional duties. I
Link State PDUs on behalf of the LAN, treating the LAN as a pseudonede:

fde: Where a broadcast subnetwork has n connected Intermediate Systems, the broadcast subnet
d to be a pseudonode.

donode has links to each of the n Intermediate and End systems. Each of the ISs has a sing
de (rather than n-7 links to each of the other Intermediate systems). Link State PDUs are generd
udonode by the Designated IS. This is depicted belowin figure 1.

subnetwork: A subnetwork which supports ancarbitrary number of End systems and Intermediat
y is capable of transmitting a single SNPDU to a subset of these systems in response
DATA request.

bpology subnetwork: A subnetwork)which supports an arbitrary number of End systems and

ut does not support a convenient.multi-destination connectionless transmission facility, as dog
k.

bdomain: the setofall Level 2 Intermediate systems in a Routeing domain.

small random variation introduced into the value of a timer to prevent multiple timer expiration
bm beconiing synchronised.

1gement view

W particular it

work itself is

e link to the
ted on behalf

b systems and
to a single

Intermediate
5 a broadcast

subdomain: a set of Intermediate systems and End systems located within the same Routeing domain.

s in different

ES| ES

Figure 1 - Use of a pseudonode to collapse a LAN Topology
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4 Symbols and abbreviations

4.1 Data

PDU
SNSDU
NSDU
NPDU
SNPDU

units

Protocol Data Unit
Subnetwork Service Data Unit
Network Service Data Unit
Network Protocol Data Unit
Subnetwork Protocol Data Unit

4.2 Protocol data units

ISO/IEC 10589:2002(E)

ESH PDU
ISH PDU

RD PDU
IIH PDU

LSP
SNP
CSNP

PSNP

4.3 Adds

AFI
DSP
IDI
IDP
NET
NPAI
NSAP
SNPA

4.4 Misc

DA
DED
DTE
ES

IS
HDLC

ISO 9542 End System Hello Protocol Data Unit
ISO 9542 Intermediate System Hello Protocol
Data Unit

ISO 9542 Redirect Protocol Data Unit
Intermediate System to Intermediate System
Protocol Data Unit

Link State Protocol Data Unit

Sequence Numbers Protocol Data Unit
Complete Sequence Numbers Protocol Data
Unit

Partial Sequence Numbers Protocol Data Unit

[€SSES

Authority and Format Indicator

Domain Specific Part

Initial Domain Identifier

Initial Domain Part

Network Entity Title

Network Protocol Addressing Information
Network Service Access Point
Subnetwork Point of Attachment

ellaneous

Dynamically*Assigned
Dynamically~Established Data Link
Data Términal Equipment
EndSystem

Intermediate System

High Level Data Link Control

ISDN
FDDI
L1

L2
LAN
MAC
MAN
MCS
MICS
MOCS
MRCS
NLPID
PSTN
OSIE

Integrated Services Digital Network

Fiber Distributed Data Interface

Level 1

Level 2

Local Area Network

Media Access Control

Metropolitan Area Network

Management conformance summary
Management information conformance statement
Managed object conformance statement
Managed relationship conformance statement
Network Layer Protocol Identifier

Public Switched Telephone Network

Open Systems Interconnection Environment

© ISO/IEC 2002 — All rights reserved
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PCI Protocol Control Information
QoS Quality of Service
SN Subnetwork
SNAcP Subnetwork Access Point
SNDCP Subnetwork Dependent Convergence Protocol
SNICP Subnetwork Independent Convergence Protocol
SRM Send Routeing Message
SSN Send Sequence Numbers
SvC Switched Virtual Circuit
Legend: ,
[ ES ] End System [157] r\tﬂ:‘fd'ate
""" ES-IS Protocol Subnetworlt Path
””” Level 1 1S-IS Routeinge : > |s.IS\Ared
e X e | ool 2 1S-IS Routeing . .
- ® .o e>s Routeing Dpmain
al S+ |*™ * Interdomain Routeing Boundary
[ ]
[}
[
]
[}

Ve
o
® e ™ ® -

Figure 2 Topologies and Systems supported by Intradomain Routeing

5 Typognaphical conventions

This Internationpl Standard makes use of the-following typographical conventions:
a) important t¢grms and concepts appeat in italic type when introduced for the first time;

b) protocol copstants and management parameters appear in sansSerif type with multiple words run together. The first word
is lower cade, with the first character of subsequent words capitalised;

¢) protocol field names appear in sansSerif type with each word capitalised; and

d) values of cqnstantsyparameters, and protocol fields appear enclosed in “double quotes”.

6 Overview of the protocol

6.1 System types

For the purposes of this International Standard, systems are classified according to the following types:

End Systems: These systems deliver NPDUs to other systems and receive NPDUs from other systems, but do not relay
NPDUs. This International Standard does not specify any additional End system functions beyond those supplied by ISO 8473
and ISO 9542.

Level 1 Intermediate Systems: These systems deliver and receive NPDUs from other systems, and relay NPDUs from other

source systems to other destination systems. They route directly to systems within their own area, and route towards a level 2
Intermediate system when the destination system is in a different area.

6 © ISO/IEC 2002 — All rights reserved
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Level 2 Intermediate Systems: These systems act as Level 1 Intermediate systems in addition to acting as a system in the
subdomain consisting of level 2 ISs. Systems in the level 2 subdomain route towards a destination area, or another routeing
domain.

NOTE 2  Operation of a level 2 IS may be restricted on a per circuit basis by setting manualL20nlyMode to "True". This indicates that
the circuit is to be used only for Level 2 traffic. If all circuits in a Level 2 IS have manualL20nlyMode set to "True" then the IS does not
operate as a Level 1 IS in the area.

These systems and their topological relationship are illustrated in figure 2.

6.2 Subnetwork types

For the purpdses of this International Standard, sSUDNEtworks are classiiied according to the following types:.

a) broadcaft subnetworks: These are multi-access subnetworks that support the capability of addressing.a group of attached
systems ith a single NPDU, for instance ISO 8802-3 LANSs.

b) general fopology subnetworks: These are modelled as a set of point-to-point links each ofGwhich conngcts exactly two
systems.

There are sevieral generic types of general topology sub-networks:

1) multipoint links: These are links between more than two systems, where-one ‘system is a primary [system, and the
remaining systems are secondary (or slave) systems. The primary is capable’of direct communicatior] with any of the
secgndaries, but the secondaries cannot communicate directly among themselves.

2) pertpanent point-to-point links: These are links that stay connected at-all times (unless broken, or turngd off by system
manpgement), for instance leased lines or private links.

3) dyngmically established data links (DEDs): These are links*over connection oriented facilities, fof instance X.25,
X.2], ISDN, or PSTN networks.

Dynamidally established data links can be used in one efitwo ways:

i) static point-to-point (Static): The call'is established upon system management action and |cleared only on
system management action (or failuxe).

i) dynamically assigned (DA): The call is established upon receipt of traffic, and brought|down on timer
expiration when idle. Thecaddress to which the call is to be established is determined dynamically from
information in the arriving NPDU(s). No IS-IS routeing PDUs are exchanged between ISs o) a DA circuit.

NOTE 3  Fof the operation of the protocol, a permanent point-to-point link and a static point-to-point DED are equjvalent (see 7.3.7,
7.3.9).

All subnetwqrk types are tréated by the Subnetwork Independent functions as though they were connectionlgss subnetworks,
using the Sulinetwork Dependent Convergence functions of ISO 8473 where necessary to provide a connectiorless subnetwork
service. The |Subnetwork ‘Dependent functions do, however, operate differently on connectionless and conpection-oriented
subnetworks.

6.3 Topalagies

A single organisation may wish to divide its Administrative Domain into a number of separate Routeing Domains. This has
certain advantages, as described in ISO/IEC TR 9575. Furthermore, it is desirable for an intra-domain routeing protocol to aid
in the operation of an inter-domain routeing protocol, where such a protocol exists for interconnecting multiple routeing
domains.

In order to facilitate the construction of such multi-domain topologies, provision is made for the entering of inter-domain
routeing information. This information is in the form of a set of Reachable Address Prefixes which may be entered either by
System Management, or provided by an inter-domain routeing protocol at the ISs which have links crossing routeing domain
boundaries. The prefix indicates that any NSAPs whose NSAP address matches the prefix may be reachable via the SNPA
with which the prefix is associated. Where this SNPA is connected to a multi-destination subnetwork (e.g., dynamically
assigned DED, broadcast), the prefix also has associated with it the required subnetwork addressing information, or an
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indication that it may be derived from the destination NSAP address (for example, an X.121 DTE address may sometimes be
obtained from the IDI of the NSAP address).

The Address Prefixes are handled by the level 2 routeing algorithm in the same way as information about a level 1 area within
the domain. NPDUs with a destination address matching any of the prefixes present on any Level 2 Intermediate System
within the domain can therefore be relayed (using level 2 routeing) by that IS and delivered out of the domain. (It is assumed
that the routeing functions of the other domain will then be able to deliver the NPDU to its destination.)

Where multiple routeing domains are interconnected using this International Standard, the model used is one in which the
boundaries between routeing domains are on the subnetworks which connect the Intermediate systems. A boundary for a
routeing domain is constructed by marking the linkage managed object associated with a circuit as being externalDomain

rather than internal.

NOTE 4 This 1
layer address assi|
from multiple add

6.4 Addreg

hodel also permits the construction of routeing domains whose scope is not limited by the hierarchicalnaf
pnment. For example, it is possible to construct a routeing domain, or even a single area, whose area‘\addr
ressing authorities.

S€Ss

Within a routeigg domain that conforms to this International Standard, the Network entity, titles of Intermediate

meet the requirg
the case.

All systems sha
8348. However,
requirements se

Within such a d
forth in 7.1.4 p
additional conff
performance.

NOTES Thep
system NETs as 1
scope.

1 be able to generate and forward NPDUs containing NSAP addresSes in any of the formats spe
the routeing domain’s administrative authority should ascertain‘that NSAP addresses of End syst
forth in 7.1.4 in order to take full advantage the routes detived by this protocol.

main it is still possible for some End systems to haveaddresses assigned which do not conform t
rovided that they meet the more general requirerhents of ISO 8348, but these End systems
guration information to be entered into the, Jatérmediate systems and they may obtain infq

ocedures whereby the routeing domain administrative authority obtains from an appropriate address authori
equired by this International Standard, and End system NSAP addresses as recommended by this International Standaj

6.5 Functi¢nal organisation

The intra-domal
Subnetwork

Subnetwork

6.5.1 Subnetw

n IS—IS routeing functions are divided into two groups
Independent Functjons

DependentHuiictions

ork inidependent functions

The Subnetworl

ure of network
bsses are taken

Systems must

ments stated in 7.1.4. It is the routeing domain administrative authority’s‘tesponsibility to ensuge that such is

cified by ISO
ems meet the

b the rules set
may require
rior routeing

y Intermediate
d are outside its

[ Independent Functions supply full-duplex NPDU transmission between any pair of neighbour §

stems. They

are independent of the specific subnetwork or data link service operating below them, except for recognising two generic types

of subnetworks:

data links (such as X.25, X.21, and PSTN links), and

NOTE 6

Broadcast Subnetworks, which include ISO 8802 LAN:S.

General Topology Subnetworks, which include HDLC point-to-point, HDLC multipoint, and dynamically established

This protocol is intended to operate on any broadcast subnetwork which meets the general requirements listed in 6.7. However,

the remainder of this International Standard specifically addresses ISO 8802 LANs. Other LANs, such as FDDI, are believed to be
adequately covered by the specification for ISO 8802 LANs. Other broadcast subnetworks, such as ISO 8802-6 MANs, may not be
adequately covered at this time.

The following S

ubnetwork Independent Functions are identified:
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Routeing. The routeing function determines NPDU paths. A path is the sequence of connected systems and links between
a source ES and a destination ES.

The combined knowledge of all the Network Layer entities of all the Intermediate systems within a routeing domain is
used to ascertain the existence of a path, and route the NPDU to its destination. The routeing component at an Intermediate

system h

e [t man

e It infol
when
“no se

- Congest

6.5.2 Subnetwork dependent functions

The subnetwj
independent

- Operation
o detern

e detern
- Operatioj
e data li
¢ hop by

e call es

6.6 Desig

6.6.1 Gogls

This Internat
stated in ISO

- NetworkK

jlable, a system that has failed, or the subsequent recovery of an SNPA or system.

as the following specific functions:

It extracts and interprets the routeing PCI in an NPDU.

It performs NPDU forwarding based on the destination address.

ages the characteristics of the path. If a system or link fails on a path, it finds an alternate route.

rms the ISO 8473 error reporting function when the forwarding function cannot relayan NPI
he destination is unreachable or when the NPDU would have needed to be segmentedyand the 1
bmentation”.

on control. Congestion control manages the resources used at each Intermediate'system.

prk dependent functions mask the characteristics of the subnetywork or data link service from
functions. These include:

f the Intermediate system functions of ISO 9542 on the patticular subnetwork, in order to
ine neighbour Network entity title(s) and SNPA address(es);

ine the SNPA address(es) of operational Intermediate systems.

h of the requisite Subnetwork Dependent Convergence Function as defined in ISO 8473, in order
hk initialisation;
hop fragmentation over subnetworks with small maximum SNSDU sizes; and

ablishment and clearing on dynamically established data links.

'n goals and non-goals

onal Standatd supports the following design requirements. The correspondence with the goals 1
IEC TR\9575 are noted.

[ layer Protocol Compatibility: It is compatible with ISO 8473 and ISO 9542. (See 7.5 of ISO/]

jch has become

DU, for instance
NPDU requested

the subnetwork

o perform

for OSI routeing

EC TR 9575),

- Simple End systems: It requires no changes to End systems, nor any functions beyond those supplied by ISO 8473 and
ISO 9542. (See 7.2.1 of ISO/IEC TR 9575),

- Multiple Organisations: It allows for multiple routeing and administrative domains through the provision of static

routeing

information at domain boundaries. (See 7.3 of ISO/IEC TR 9575)

- Deliverability: It accepts and delivers NPDUs addressed to reachable destinations and rejects NPDUs addressed to
destinations known to be unreachable,

- Adaptability: It adapts to topological changes within the routeing domain, but not to traffic changes, except potentially as
indicated by local queue lengths. It splits traffic load on multiple equivalent paths. (See 7.7 of ISO/IEC TR 9575),
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Promptness: The period of adaptation to topological changes in the domain is a reasonable function of the domain
diameter (that is, the maximum logical distance between End Systems within the domain) and Data link speeds. (See 7.4
of ISO/IEC TR 9575),

Efficiency: It is both processing and memory efficient. It does not create excessive routeing traffic overhead. (See 7.4 of
ISO/IEC TR 9575),

Robustness: It recovers from transient errors such as lost or temporarily incorrect routeing PDUs. It tolerates imprecise
parameter settings. (See 7.7 of ISO/IEC TR 9575),

Stability: It stabilises in finite time to “good routes”, provided no continuous topological changes or continuous data base
corruptions occur,

System M3gnagement control: System Management can control many routeing functions via parameter|changes, and
inspect pardmeters, counters, and routes. It will not, however, depend on system management action for ¢otrect behaviour,

Simplicity:| It is sufficiently simple to permit performance tuning and failure isolation,

Maintainability: It provides mechanisms to detect, isolate, and repair most common errots, that may affecf the routeing
computatiop and data bases. (See 7.8 of ISO/IEC TR 9575),

Heterogengity: It operates over a mixture of network and system types, communication technologies, and tppologies. It
is capable ¢f running over a wide variety of subnetworks, including, but not Jimifed to: ISO 8802 LANSs, ISO/IEC 8208
and X.25 sybnetworks, PSTN networks, and the OSI Data Link Service. (Se¢<7.1 of ISO/IEC TR 9575),

Extensibility: It accommodates increased routeing functions, leaving gatlier functions as a subset,

Evolution: [It allows orderly transition from algorithm to algorithiiwithout shutting down an entire domain,
Deadlock Brevention: The congestion control component prevents buffer deadlock,

Very Largg Domains: With hierarchical routeing, and a'very large address space, domains of essentially ynlimited size
can be supported. (See 7.2 of ISO/IEC TR 9575),

Area Partifion Repair: It permits the utilisatiomyof level 2 paths to repair areas which become partitioned fdue to failing
level 1 link$ or ISs. (See 7.7 of ISO/IEC TR.9575),

Determinigm: Routes are a function ofily of the physical topology, and not of history. In other words, the spme topology
will always|converge to the same set of routes,

Protection [from Misdelivery:\The probability of misdelivering a NPDU, i.e. delivering it to a Transporf entity in the
wrong End System, is extremely low,

Availability: For domaintopologies with cut set greater than one, no single point of failure will partition the{domain. (See
7.7 of ISO/IEC TR 9575),

Service Clgsses: The service classes of transit delay, expense®, and residual error probability of ISO 8473 pre supported
through the npfim«o] melusion n{»‘mnlh‘pla v-nnfm'ng mnfiﬂ.r\c’

Authentication: The protocol is capable of carrying in-formation to be used for the authentication of Intermediate systems
in order to increase the security and robustness of a routeing domain. The specific mechanism supported in this
International Standard however, only supports a weak form of authentication using passwords, and thus is useful only for
protection against accidental misconfiguration errors and does not protect against any serious security threat. In the future,
the algorithms may be enhanced to provide stronger forms of authentication than can be provided with passwords without
needing to change the PDU encoding or the protocol exchange machinery.

“Expense” is referred to as “cost” in ISO 8473. The latter term is not used here because of possible confusion with the more general

usage of the term to indicate path cost according to any routeing metric.
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6.6.2 Non-goals

The following are not within the design scope of the intra-domain IS—IS routeing protocol described in this International
Standard:

6.7 Environmental requirements

Traffic adaptation: It does not automatically modify routes based on global traffic load,
Source-destination routeing: It does not determine routes by source as well as destination,
Guaranteed delivery: It does not guarantee delivery of all offered NPDUs,

Level 2 Subdomain partition repair: It will not utilise Level 1 paths to repair a level 2 subdomain partition. For full
logical connectivity to be available, a connected level 2 subdomain is required,

Q4

Equal treatment-for-all-ES-implementationsThe End-systemrpol-funetion-definedin-8-4-5-presumes-that End systems
have implemented the suggested ES Configuration Timer option of ISO 9542. An End system which.ddgs not implement
this optipn may experience a temporary loss of connectivity following certain types of topology~changes on its local
subnetwork.

For correct operation of the protocol, certain guarantees are required from the local environment and the Data Ilink Layer.

6.7.1 Therequired local environment guarantees are:

a)

b)
c)
d)

6.7.2 The r¢quired subnetwork guarantées for point-to-point links are:

a)
b)
©)
d)
e)

f)
2)

Resourcg allocation such that the certain minimum resource guarantees can‘be met, including
1) menpory (for code, data, and buffers)

2) prodessing;

See 12.2]4 for specific performance levels required for conformance

A quota pf buffers sufficient to perform routeing functions;

Access tp a timer or notification of specific timer expiration; and

A very low probability of corrupting data.

Provision that both source and destination systems complete start-up before PDU exchange can occur;
Detectioh of remote start-up;

Provisiof that no old PDUs be received after start-up is complete;

Provision that no PDUS transmitted after a particular startup is complete are delivered out of sequence;

Provisioh that fatlure to deliver a specific subnetwork SDU will result in the timely disconnection of|the subnetwork
connectipn in‘both directions and that this failure will be reported to both systems; and

R t £ o+l L 4 e foal d.Jd dad 1 + 1 Jats
epor INg-orotct-StoctwotrratatresSane e EratTU—-SUo=-C Ty OT K COTIATTIOTIST

The following events are “very low probability”, which means that performance will be impacted unless they are
extremely rare, on the order of less that one event per four years

1) Delivery of NPDUs with undetected data corruption.

6.7.3 The required subnetwork guarantees for broadcast links are:

a)
b)

Multicast capability, i.e., the ability to address a subset of all connected systems with a single PDU;

The following events are “low probability”, which means that they occur sufficiently rarely so as not to impact
performance, on the order of once per thousand PDUs

1) Routeing PDU non-sequentiality,
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2) Routeing PDU loss due to detected corruption; and

3) Receiver overrun;

rare, on the

order of less than one event per four years

1) Delivery of NPDUs with undetected data corruption; and

The following events are “very low probability”, which means performance will be impacted unless they are extremely

2) Non-transitive connectivity, i.e. where system 4 can receive transmissions from systems B and C, but system B cannot
receive transmissions from system C.

6.7.4 The following services are assumed to be not available from broadcast links:

Reporting of faifures and degraded subnetwork conditions that result in NPDU loss, for instance receiver these failures failure.

The routeing fu

ictions are designed to account for.

6.8 Functignal organisation of subnetwork independent components

The Subnetwor

k Independent Functions are broken down into more specific functional components. These

briefly in this syib-clause and in detail in clause 7. This International Standard uses a funetiorial decomposition

the model of ro
TR 9575, since
functions such a

The functional d

The routeing pr
Decision Pr

Update Pro

NOTE 7 This d

Forwarding

Receive Pr

6.8.1 Decision

This process ca
separately withi
Database, whic
compute shortes
the Update Proc

Execution of thg

hteing presented in subclause 5.1 of ISO/IEC TR 9575. The decompositiefnis not identical to th
s supplied by this protocol.
ecomposition is shown below in figure 3.

CESSES arc:
ocess

cess
omprises both the Information Collection and Iuformation Distribution components in ISO/IEC TR 9575.

Process

cess

process

culates routes to gach/destination in the domain. It is executed separately for level 1 and level 2
n each level for e¢ach of the routeing metrics supported by the Intermediate system. It uses t
h consists ofinformation from the latest Link State PDUs from every other Intermediate system

t paths from this IS to all other systems in the area — 9 in figure 3. The Link State Data Base is 1
eSS,

Deécision Process results in the determination of [circuit, neighbour] pairs (known as adjacencic

hre described
adapted from
it in ISO/IEC

that model is more general and not specifically oriented toward a detailed description of intra-domain routeing

routeing, and
he Link State
n the area, to
naintained by

s), which are

stored in the aj

. = 1 h . 1 4.0 1 11 1 = 1. 1 1
TOPIALC T"OIWdAl Ulllg HITOTIIAUOIT U4SC = TU — dlIt USTU Uy UIC T"UOI'Wdal Ullly PIOCCSS dS pPdUls dl

forward NPDU .

ng which to

Several of the parameters in the routeing data base that the Decision Process uses are determined by the implementation.

These include:

maximum number of Intermediate and End systems within the IS’s area;

maximum number of Intermediate and End system neighbours of the IS, etc.,

so that databases can be sized appropriately. Also parameters such as

routeing metrics for each circuit; and

contained in clause 11.

12
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6.8.2 Update process

This process constructs, receives and propagates Link State PDUs. Each Link State PDU contains information about the
identity and routeing metric values of the adjacencies of the IS that originated the Link State PDU.

The Update Process receives Link State and Sequence Numbers PDUs from the Receive Process — 4 in figure 3. It places new
routeing information in the routeing information base — 6 and propagates routeing information to other Intermediate systems

— 7 and 8.

General characteristics of the Update Process are:

- Link State PDUs are generated as a result of top

indirectl
- Levelll
- Level 21
- Link Sta

- The upd
traffic oy

6.8.3 For
This process
It receives, v

It performs aj
forwarding t
ISO 9542 to

6.8.4 Req

The Receive
- received
- routeing
- ISO 847

- It then j
Forward

ological changes, and also periodically. They may al

Q m-Nanacemen on one-o olte - a

Link State PDUs are propagated to all Intermediate systems within an area, but are not propagated
Link State PDUs are propagated to all Level 2 Intermediate systems in the domain.
e PDUs are not propagated outside of a domain.

ite process, through a set of System Management parameters, enforces an upperboeund on the am
erhead it generates.

warding process

supplies and manages the buffers necessary to support NPDU relaying to all destinations.

a the Receive Process, ISO 8473 PDUs to be forwarded —& in*figure 3.

lookup in the appropriate” Forwarding Database — 1>~ to determine the possible output adjac

a given destination, chooses one adjacency — 12 =<} generates error indications to ISO 8473 —
ssue Redirect PDUs — 13 .

eive process

Process obtains its inputs from the following sources

PDUs with the NLPID of IntraZDomain routeing — 2 in figure 3,

information derived by the ES—IS protocol from the receipt of ISO 9542 PDUs — 1 ; and
8 data PDUs handed t&'the routeing function by the ISO 8473 protocol machine — 3.

ng Process for forwarding — 5 ).

so be generated
cuit).

out of an area.

ount of routeing

tncies to use for
14 , and signals

performs the appropriate actions, which may involve passing the PDU to some other function (e.g. to the

1))
ISO 8473.
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Figure 3 - Decomposition of Subnetwork.Jndependent Functions

cribes the algorithms and associated -databases used by the routeing functions. The manageq
d for System Management purposes. are described in clause 11.

rocesses and databases are used(internally by the subnetwork independent functions. Following e3
in parentheses, is the type(of systems which must keep the database. The system types are

ktem), and “L1” (level, 1° Intermediate system). Note that a level 2 Intermediate system is a
tem in its home area,.§o-1t must keep level 1 databases as well as level 2 databases.

| objects and

ch process or
127 (level 2
Iso a level 1

Databases:
- Level 1 Lin
- Level 2 Lin

k State data base (L2, L1)
k State data base (L2)

- Adjacency Database (L2, L1)

- Circuit Database (L2, L1)

- Level 1 Shortest Paths Database (L2, L1)
- Level 2 Shortest Paths Database (L2)

- Level 1 Forwarding Databases — one per routeing metric (L2, L1)

- Level 2 Forwarding Database — one per routeing metric (L2)
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7.1 Addresses

The NSAP addresses and NETs of systems are variable length quantities that conform to the requirements of ISO 8348. The
corresponding NPAI contained in ISO 8473 PDUs and in this protocol’s PDUs shall use the preferred binary encoding. Any of

the AFIs and

7.1.1

their corresponding DSP syntax may be used with this protocol.

Address structure for intradomain IS-IS routeing

In order to understand the requirements set under the present clause 7.1, it is necessary to view the encoded NSAPs or NETs as
structured according to figure 4, where three fields are distinguished:

a) Area Address

b) ID
¢) SEL
7.1.2 NPj

An area addn
fields.

7.1.3 NP/

This clause fj
routeing dom

7.1.3.1 Construction of NPAI from network addresses

NPALI is deri
from the appt

For these add
domain authd

Al — area address field

ess is a variable length quantity consisting of the entire high-order part of the NPAI, excluding

Al of systems within a routeing domain

rst defines how the NPAI corresponding to NSAP addresses andNetwork Entity Titles of syster
ain is constructed and second how the NPALI is structured for/use by the protocol.

ved from NSAP addresses and NETs according to TSO/IEC 8348. The NETs and NSAP addres
opriate addressing authorities.

resses to be correctly interpreted by the pretocol in this International Standard it is mandatory
rity ensure that whenever the Network address includes a DSP whose syntax is decimal digits, the

the ID and SEL

hs deployed in a

Ses are obtained

hat the routeing
n:

- 3;

if the IDI is in the ISO DCC or E.164 format, the decimal syntax DSP must be an odd number of digit
for the other IDI formats the decimal syntax DSP must be an even number of decimal digits.

7.1.3.2 Structure of the NPAI

The structurg of the ID and SEL fields of the NPAI are interpreted in the following way by the protoco] defined in this

International [Standard:

ID  Systen] identifier=<a variable length field from 1 to 8 octets (inclusive). Each routeing domain employjng this protocol
shall sefect a single’size for the ID field and all Intermediate systems in the routeing domain shall use tHis length for the
system [Ds of all systems in the routeing domain.

The set|oflD lengths supported by an implementation is an implementation choice, provided that at leastlone value in the
permitted range can be accepted. The routeing domain administrator must ensure that all ISs included in a routeing
domain are able to use the ID length chosen for that domain.

SEL NSAP Selector — a 1-octet field which acts as a selector for the entity which is to receive the PDU (this may be a
Transport entity or the Intermediate system Network entity itself). It is the least significant (last) octet of the NPAI.

NOTE 8 The SEL field is always the last octect of the NPAI, since the rules enforced in 7.1.3.1 guarantee that there will be no pad at the
end of the NPAIL

7.1.4 Administration and deployment of systems in a routeing domain

It is the responsibility of the routeing domain administrative authority to enforce the requirements stated below in this clause
and the rules stated above in 7.1.3.1. These requirements place specific constraints on the NSAP addresses and NETs of
systems deployed in a routeing domain, when these systems operate the protocol defined in this International Standard. The
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protocol defined in this International Standard assumes that these requirements are met, but has no means to verify compliance
with them.

NOTE 9

To interpret correctly the requirements given below, it is necessary to refer to the structure of the NPAI presented in 7.1.1 and
7.1.3.2 and to the concept of manual area addresses defined in 7.1.5.

For correct operation of the routeing protocol defined in this International Standard, the following requirements must be met in
a routeing domain:

a) For all systems in the routeing domain:

1)

2)

3)

By definition, all systems in a routeing domain that have a given value of area address belong to the same area.

NOTE

routeing domain. However, an IS 1s not required to perform any dynamic check to detect 1f this property 1s violated
managejment misconfiguration.

10 A consequence of this requirement is that a reachable address prefix may not match any area address of an area in the

due to system

Each system in an area must have an unambiguous ID; that is, no two systems (IS or ES) in an drea’may| use the same

ID valde.

All sysfems belonging to a given routeing domain must have NETs or NSAP addresses-whose 1D fieldg

length.

b) Additional

)

equirements for Intermediate system addresses:

are of equal

Each Llevel 2 Intermediate system within a routeing domain must have an urambiguous value for its ID| field; that is,

no two

¢) Additional

d) Requiremerjts placed on End systems to be neighbours of a level {\IS:

1)

No twd End systems in an area may have addresses that match inallybut the SEL field.

An End system

1)

2)

its areq address matches the level 1 IS’s area address ‘as contained in its own NET, which is always ap
adjacent IS’s manualAreaAddresses parameter,.on

its areal address matches one of the other entries\in the adjacent IS’s manualAreaAddresses parameter.

NOTE
differin

e) Additional
When Inter

16

level 2 ISs in a routeing domain can have the same value in their ID“fields.

equirements for area administration:

may be a neighbour of a level 1 IS if and only if:

1 The definitions of several entries\in the adjacent IS’s manualAreaAddresses parameter allow fo|

equirements for Interdomain routeing:

lomain routeing between two routeing domains is assisted through the use of reachable address pre

entry in the

systems with

b area addresses to be merged under-ofie level 1 IS for the purpose of fabricating a single area. This concept]is described in
detail upder 7.1.5 below.

fixes, then

1) no addypess of any area in“one of the routeing domains should match the address of an area in the qther routeing
domair].

«— IDP ¢ DSP >

T T
AFI Al (Contents assigned by the addressing authority identified in the IDI
i Field, and its associated sub-authorities)

1 |

¢ Area Address > ID ——>¢ SEL

(variable length) (1<=ID<=8 octets) (1 octet)

NOTE - The diagram shows how this International Standard will parse the NPAI (that is, and address or NET encoded by the
preferred binary encoding of ISO 8348). This protocol uses the fields "Area Address", "ID", and "SEL"

To emphasize that address information is constructed according to ISO 8348/Add.2, the quantities "IDP", "DSP", "AFI", and
"IDI" are also shown; however, they are not explicitly used by this protocol.

Figure 4 — Address Structure for Intra-domain IS-IS Routeing
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7.1.5 Manual area addresses

Within a routeing domain, it is often convenient to associate more than one area address with an area. There are a number of
reasons why assigning more than one area address may be useful, including the following.

a)

b)

There may be more than one addressing authority involved in the assignment of addresses in the routeing domain, yet it is
not efficient to require a separate area for each addressing domain.

At times it may be necessary to reconfigure a routeing domain by dividing an area into two of more areas, or combining a
number of areas into a single area. These reconfigurations could not be done during normal routeing domain operation if

only a single area address per area were permitted.

Therefore, this International Standard permits an area to have a number of synonymous area addresses.

The use of {
manualArea
area addressd
valid networ

Each level 1
to create a ¢
throughout tH
on all the are
level 1 ISs re

everal synonymous area addresses by an IS is accommodated through the use of the managg
Addresses. This parameter is set locally for each IS by system management; it contains achist’of]
s associated with the IS. All of the IS’s manualAreaAddresses, when combined with the IS’
[ entity titles for the IS.

[S distributes its manualAreaAddresses in its Level 1 LSP’s Area Addresses. field, thus allo
bmposite list of all area addresses in use within a given area. Level 2 ISs-in turn advertise th
e level 2 subdomain by including it in their Level 2 LSP’s Area Addresses-field, thus distribu
h addresses associated with the entire routeing domain. The proceduresforestablishing an adjacet
quire that there be at least one area address in common between their'two manualAreaAddress

procedures fq

match an enty in the IS’s manualAreaAddresses list. Therefore, it is the responsibility of System Manag
that each area address associated with an IS is included. In particular, system management must ensure that th
of all ESs andl Level 1 ISs adjacent to a given level 1 IS are included insthat IS’s manualAreaAddresses list.

The union off all area addresses of the ISs in an area may exceedsthie configured capacity of one or more I§
order that alll ISs agree on the area addresses of an area, each IS has a parameter maximumAreaAddresse
System Manggement. The value of maximumAreaAddresses’is communicated among the ISs in the protoc

checked to e
maximumAT
maximumAT
become parti

If the area ad
when present
does not resi

7.1.6 Enad

This International Standard'makes use of four types of address information: NETs, NSAP addresses, ared

address prefi
a) NETs sh

r establishing an adjacency between a level 1 IS and an End system’require that the End syster

sure that all ISs in an area have the same yalue of this parameter. All ISs shall support a value
eaAddresses, although the value may,be set lower by System Management if desired
eaAddresses consistently among the-ISs in an area may cause adjacencies to fail to initialise
ioned.

dress field for the destinationaddress of an ISO 8473 PDU — or for the next entry in its sourg
— is not listed in the parameter areaAddresses of a level 1 IS receiving the PDU, then the dg
le in the IS’s area. Such{PDUs will be routed by level 2 routeing.

oding of addressing information

kes. The.encoding rules for each of them are given below.

h1l bé encoded according to the preferred binary encoding specified in ISO 8348.

ment parameter
all synonymous
systemlID, are

wing level 2 ISs
e composite list
ting information
\cy between two
es lists, and the
n’s area address
ement to ensure
e area addresses

s in the area. In
, established by
I’s PDUs and is
of at least 3 for

Failure to set
nd/or an area to

e routeing field,
stination system

addresses, and

b) NSAP ad

©)

d)

The encoded form of an area address shall be obtained by dropping the last IDLength + 1 octets of the preferred binary
encoding of the corresponding NSAP, where /DLength is equal to the length of the ID field used by the routeing domain.

The encoded form of an address prefix shall be obtained by encoding the prefix (expressed in its abstract syntax),
according to the preferred binary encoding, unless the end of the prefix falls within the IDP. In this case, each decimal
digit in the prefix shall be encoded as the corresponding semi-octet in the range 0000-1001 and no padding characters
shall be inserted.

7.1.7 Matching an NSAP address with an area address or an address prefix

A destination NSAP address can be matched against either an area address or an address prefix. An area address or an address
prefix which extends into the DSP, shall be compared directly against the encoded NSAP address, including any padding

© ISO/IEC 2002 — All rights reserved
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characters that may be present; an address prefix which does not extend into the DSP shall be compared against NSAP', which
is obtained from the encoded NSAP address by removing all padding characters that were inserted by the binary encoding.

The existence of a match shall be determined as follows:

a) If the encoded NSAP (or NSAP') contains fewer semi-octets than the encoded area address (or address prefix), then there
is no match.

b) If the NSAP (or NSAP') contains at least as many octets as the area address (or address prefix), and all octets of the
encoded area address (or address prefix) are identical to the corresponding leading octets of the encoded NSAP address (or
NSAP"), there is a match. Otherwise, there is no match.

NOTE 12 Any 1mp1ementat10n of a matchrng process that satrsﬁes the requrrements listed above may be used. The key point is that
matching process n ed 3 e efix_exte e 2 ust then either
include or exclud paddlng characters from the encoded NSAP, as deﬁned above.

7.1.8 Comphprison of addresses

Unless otherwise stated, comparison of addresses shall be performed on the addresses encoded assequences of octets in the
form specified in 9.2 or 9.3 as appropriate.

If the encoded addresses are of different lengths and the shorter encoded address is a prefix.of the longer, the shofter address is
considered to bq less than the longer.

Otherwise, the tesult of the comparison is that obtained by padding the shorter ‘eneoded address (if any) with trailing zero
octets to the lenigth of the longer, and comparing the two resulting octet sequenees as unsigned integers, with thg first octet of
each sequence cpnsidered the most significant.

The addresses t¢ which this procedure applies are NSAP addresses, Network Entity Titles, and SNPA addresses.

7.2 Decision process

This process usgs the database of Link State information to' calculate the forwarding database(s), from which the forwarding
process can kndw the proper next hop for each NPDU.\The Level 1 Link State Database is used for calculating the Level 1
Forwarding Dathbase(s), and the Level 2 Link State.Database is used for calculating the Level 2 Forwarding Datapase(s).

7.2.1 Inputjand output
INPUT

- Link State Database — This database is a set of information from the latest Link State PDUs from all known| Intermediate
systems (within this areas.for'Level 1, or within the level 2 subdomain, for Level 2). This database is recefved from the
Update Progess.

- Notification} of an<Event — This is a signal from the Update Process that a change to a link has occurred somewhere in the
domain.

OUTPUT

Level 1 Forwarding Databases — one per routeing metric
- (Level 2 Intermediate systems only) Level 2 Forwarding Databases — one per routeing metric

- (Level 2 Intermediate systems only) The Level 1 Decision Process informs the Level 2 Update Process of the ID of the
Level 2 Intermediate system within the area with lowest ID reachable with real level 1 links (as opposed to a virtual link
consisting of a path through the level 2 subdomain)

- (Level 2 Intermediate systems only) If this Intermediate system is the “Partition Designated Level 2 Intermediate system”
in this partition, the Level 2 Decision Process informs the Level 1 Update Process of the values of the default routeing
metric to and ID of the “partition designated level 2 Intermediate system” in each other partition of this area.

18 © ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

7.2.2 Routeing metrics

There are four routeing metrics defined, corresponding to the four possible orthogonal qualities of service defined by the QoS

Maintenance field of ISO 8473. Each circuit emanating from an Intermediate system shall be assigned a value
of these metrics by System management. The four metrics are as follows:

a)

for one or more

Default metric: This is a metric understood by every Intermediate system in the domain. Each circuit shall have a positive

integral value assigned for this metric. The value may be associated with any objective function of the circuit, but by
convention is intended to measure the capacity of the circuit for handling traffic, for example, its throughput in bits-per-

second. Higher values indicate a lower capacity.

b)
a circuit shall have a positive integral value. Higher values indicate a longer transit delay.

Delay metric: This metric measures the transit delay of the associated circuit. It is an optional metric, which if assigned to

metric. This metric measures the monetary cost of utilising the associated circuit. It is an option
bd to a circuit shall have a positive integral value”. Higher values indicate a larger monetary¢xpe

Expense
if assign

d) tric: This metric measures the residual error probability of the associated circuit. It i$han"option

pd to a circuit shall have a non-zero value. Higher values indicate a larger probability_of undetec

Error mé
if assign
circuit.

NOTE 13 Th|
chosen accord

e decision process combines metric values by simple addition. It is important, thérefore, that the values
ngly.

Every Interm
metrics is op
report the mej

cdiate system shall be capable of calculating routes based on the default metric. Support of any o
tional. If an Intermediate system supports the calculation of routes based on a metric, its upd
tric value in the LSPs for the associated circuit; otherwise, the IS-shall not report the metric.

When calculg
for the correy
not calculate

ting paths for one of the optional routeing metrics, the {écision process only utilises LSPs with
ponding metric. If none of an IS’s circuits has a valu¢\associated with one of the optional metrj
routes based on that metric.

NOTE 14 A

See 7.4.2 for [a description of how the forwarding process>Selects one of these metrics based on the contents of th
Maintenance option.

onsequence of the above is that a system reachable’vja the default metric may not be reachable by another

Each of the four metrics described above may(be of two types: an Internal metric or an External metric. Intd
used to descrjibe links/routes to destination$.internal to the routeing domain. External metrics are used to desd
to destinationys outside of the routeing dorhain. These two types of metrics are not directly comparable, ex
routes are alyays preferred over external routes. In other words an internal route will always be selected ev
route with lover total cost exists.

7.2.3 Brojadcast subnetworks

Instead of trepting a broadcast subnetwork as a fully connected topology, the broadcast subnetwork is treated 4
with links t¢ each¥attached system. Attached systems shall only report their link to the pseudonode.
Intermediate systemy; on behalf of the pseudonode, shall construct Link State PDUs reporting the links to all th|

Al metric, which
nse.

al metric, which
ed errors on the

of the metrics be

r all of the other
hte process may

 value reported
cs, then IS shall

etric.

e ISO 8473 QoS

rnal metrics are
ribe links/routes
cept the internal
en if an external

s a pseudonode,
The designated
e systems on the

broadcast sufnetwork with a zero value for each supported routeing metric?.

The pseudonode shall be identified by the sourcelD of the Designated Intermediate system, followed by a non-zero
pseudonodelD assigned by the Designated Intermediate system. The pseudonodelD is locally unique to the Designated
Intermediate system.

Designated Intermediate systems are determined separately for level 1 and level 2. They are known as the LAN Level I
Designated IS and the LAN Level 2 Designated IS respectively. See 8.4.5.

D" The path computation algorithm utilised in this International Standard requires that all circuits be assigned a positive value for a metric.

Therefore, it is not possible to represent a “free” circuit by a zero value of the expense metric. By convention, the value 1 is used to indicate
a “free” circuit.

?  They are set to zero metric values since they have already been assigned metrics by the link to the pseudonode. Assigning a non-zero
metric in the pseudonode LSP would have the effect of doubling the actual value.
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An Intermediate system may resign as Designated Intermediate System on a broadcast circuit either because it (or its SNPA on
the broadcast subnetwork) is being shut down or because some other Intermediate system of higher priority has taken over that
function. When an Intermediate system resigns as Designated Intermediate System, it shall initiate a network wide purge of its
pseudonode Link State PDU(s) by setting their Remaining Lifetime to zero and performing the actions described in 7.3.16.4. A
LAN Level 1 Designated Intermediate System purges Level 1 Link State PDUs and a LAN Level 2 Designated Intermediate
System purges Level 2 Link State PDUs. An Intermediate system which has resigned as both Level 1 and Level 2 Designated
Intermediate System shall purge both sets of LSPs.

When an Intermediate system declares itself as designated Intermediate system and it is in possession of a Link State PDU of
the same level issued by the previous Designated Intermediate System for that circuit (if any), it shall initiate a network wide

purge of that (or those) Link State PDU(s) as above.

7.2.4 Links

Two Intermedial
SNPAs. On a (
question shall
malfunctioning
decision process
system consider

On broadcast su
the set of Interm
systems (and no|

7.2.5 Multiple LSPs for the same system

The Update pro
link bandwidth
zero in a specia
the Decision Pr

The following if
LSPs for that sy

a) The setting
b) The value 9
¢) The Area A
d) the setting

7.2.6 Route

7.2.6.1 The 1
algorithm are ruj
PDU occurs on
will take to rea

te systems are not considered neighbours unless each reports the other as directly reachableyove
onnection-oriented subnetwork (either point-to-point or general topology), the two lIntermedial
hscertain their neighbour relationship when a connection is established and hello;"PDUs ex
[S might, however, report another IS to be a neighbour when in fact it is not. To detect this class
checks that each link reported as “up” in a LSP is so reported by both Intermedtate systems. If ar]
5 a link “down” it shall not mention the link in its Link State PDUs.

bnetworks, this class of failure shall be detected by the designated IS, which has the responsibilit
ediate systems that can all communicate on the subnetwork. The designdted IS shall include these
others) in the Link State PDU it generates for the pseudonode representing the broadcast subnetw

Cess is capable of dividing a single logical LSP into amumber of separate PDUs for the purpose

and processing (see 7.3.4). The Decision Process, @njthe other hand, shall regard the LSP with
way. If the LSP with LSP Number zero and remaining lifetime > 0 is not present for a particula
cess shall not process any LSPs with non-zeroc .SP Number which may be stored for that system,

iformation shall be taken only from the LSB with LSP Number zero. Any values which may be pr
stem shall be disregarded by the Decision Process.

of the LSP Database Overload bit}
f the IS Type field.

ddresses option field.

f the AttachedFlag bit

ng algorithm overview

outeing algorithm used by the Decision Process is a shortest path first (SPF) algorithm. Ing
n independently and concurrently by all Intermediate systems in a routeing domain. Intra-Domain
h hop-by~hop basis: that is, the algorithm determines only the next hop, not the complete path, th
Chts-destination. To guarantee correct and consistent route computation by every Intermediat

routeing domairn

r one of their
fe systems in
changed. A
of failure the
Intermediate

y to ascertain
Intermediate
ork.

bf conserving
LSP Number
r system then

esent in other

tances of the
routeing of a
t a data PDU
b system in a

thi$ International Standard depends on the following properties:

a) All Intermediate systems in the routeing domain converge using identical topology information; and

b) Each Intermediate system in the routeing domain generates the same set of routes from the same input topology and set of

metrics.

The first property is necessary in order to prevent inconsistent, potentially looping paths. The second property is necessary to
meet the goal of determinism stated in 6.6.

7.2.6.2

set may consist of

a)

a single path of minimum metric sum: these are termed minimum cost paths;

b) a set of paths of equal minimum metric sum: these are termed equal minimum cost paths; or

A system executes the SPF algorithm to find a set of legal paths to a destination system in the routeing domain. The

c) aset of paths which will get a PDU closer to its destination than the local system: these are called downstream paths.
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Paths which do not meet the above conditions are illegal and shall not be used. Paths whose metric sum exceeds the value of
the architectural constant MaxPathMetric (see table 2) are also illegal and shall not be used.

7.2.6.3  The Decision Process, in determining its paths, also ascertains the identity of the adjacency which lies on the first
hop to the destination on each path. These adjacencies are used to form the Forwarding Database, which the forwarding
process uses for relaying PDUs.

7.2.6.4  Separate route calculations are made for each pairing of a level in the routeing hierarchy (i.e. L1 and L2) with a
supported routeing metric. Since there are four routeing metrics and two levels some systems may execute multiple instances
of the SPF algorithm. For example,

- ifan IS is a L2 Intermediate system which supports all four metrics and computes minimum cost paths for all metrics, it
Would execute the SPE calculation ﬁig]ﬂf times

- if an IS|is a L1 Intermediate system which supports all four metrics, and additionally computes dowilstream paths, it
would ejecute the algorithm 4 X (number of neighbours + 1) times.

Any implemgntation of an SPF algorithm meeting both the static and dynamic conformance requirements of tlause 12 of this
International [Standard may be used. Recommended implementations are described in detail in @nnex C.

7.2.7 Removal of excess paths

When there [are more than maximumPathSplits legal paths to a destination)' this set shall be pryned until only
maximumPathSplits remain. The Intermediate system shall discriminate based\upon:

NOTE 15 Thg precise precedence among the paths is specified in order to meet the goal of determinism defined in 6.6.

- adjacengy type: Paths associated with End system or level </ réachable address prefix adjacencies|are retained in
preferenge to other adjacencies

- metric spm: Paths having a lesser metric sum are retained,in preference to paths having a greater metric| sum. By metric
sum it isfunderstood, the sum of the metrics along the patlrto the destination.

- neighbopir ID: where two or more paths are assoeciated with adjacencies of the same type, an adjacenty with a lower
neighboyr ID is retained in preference to an adja¢ency with a higher neighbour id.

- circuit ID: where two or more paths are*associated with adjacencies of the same type, and same n¢ighbour ID, an
adjacencly with a lower circuit ID is retaingd in preference to an adjacency with a higher circuit ID, where|circuit ID is the

ess: where'fwo or more adjacencies are of the same type, same neighbour ID, and same circuit [[D (e.g. where a
neighboyring systent has multiple LAN adapters on the same LAN) an adjacency with a lower IANAddress is retained in
preferenge to@njadjacency with a higher IANAddress.

7.2.8 Robustmessthecks
7.2.8.1 Computing routes through overloaded Intermediate systems

The Decision Process shall not utilise a link to an Intermediate system neighbour from an IS whose LSPs have the LSP
Database Overload indication set. Such paths may introduce loops since the overloaded IS does not have a complete routeing
information base. The Decision Process shall, however utilise the link to reach End system neighbours since these paths are
guaranteed to be non-looping.

7.2.8.2 Two-way connectivity check

The Decision Process shall not utilise a link between two Intermediate Systems unless both ISs report the link.

NOTE 16 The check is not applicable to links to an End System.
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Reporting the link indicates that it has a defined value for at least the default routeing metric. It is permissible for two end-
points to report different defined values of the same metric for the same link. In this case, routes may be asymmetric.

7.2.9 Construction of a forwarding database

The information that is needed in the forwarding database for routeing metric & is the set of adjacencies for each system N.

7.2.9.1 Identification of nearest level 2 IS by a level 1 IS

Level 1 Intermediate systems need one additional piece of information per routeing metric: the next hop to the nearest level 2
Intermediate system according to that routeing metric. A level 1 IS shall ascertain the set. R, of “attached” level 2 Intermediate
system(s) for m¢tric k£ such that the total cost to R for metric £ is minimal.

If there are mor¢ adjacencies in this set than maximumPathSplits, then the IS shall remove excess adjacencies a$ described in

7.2.7.

7.2.9.2  Setting the attached flag in level 2 intermediate systems

When executing
any destinations

a)
b)

it can reach

it has at lea
Otherwise the I

If the IS discovg
- set attache

regenerate i

compute th|
according t

NOTE 17 attachedFlag for each metric £ is examined by the Update Process, so that it will report the value in the ATT f]

State PDUs.

If the IS discovg

set attache

regenerate i

set the leve

7.2.10 Inforn

the level 2 decision process for each supported metric, level 2 IS shall ascertain whether or no
outside its area using that metric. The IS considers itself attached if either;

at least one other area using the coresponding routeing metric, or

5t one enabled reachable address prefix with the corresponding metric defined.
considers itself not attached.

rs that it is not attached and attachedFlag was preyiously True, it shall:
(dFlag for metric k to False;
ts Level 1 LSP with LSP number zero; and

e “nearest level 2 Intermediate system’>for metric £ for insertion in the appropriate forward
the algorithm described in 7.2.9.1 for level 1 Intermediate systems.

rs that it is attached and'attachedFlag was previously False, it shall:
(dFlag for metric Kt0“True”;
ts Level 1 LSPwith LSP number zero; and

1 forwarding database entry for metric £ which corresponds to “nearest level 2 Intermediate systq

hation for repairing partitioned areas

t it can reach

ing database,

eld of its Link

m” to “Self”.

An area may become partitioned as a result of failure of one or more links in the area. However, if each of the partitions has a
connection to the level 2 subdomain, it is possible to repair the partition via the level 2 subdomain, provided that the level 2
subdomain itself is not partitioned. This is illustrated in figure 5.

All the systems A—I, R and P are in the same area n. When the link between D and E is broken, the area becomes partitioned.
Within each of the partitions the Partition Designated Level 2 Intermediate system is selected from among the level 2
Intermediate systems in that partition. In the case of partition 1 this is P, and in the case of partition 2 this is R. The level 1
repair path is then established between between these two level 2 Intermediate systems. Note that the repaired link is now
between P and R, not between D and E.
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Figure 5 - Repair of partitioned level 1 area

The Partition|
of the area t
advertising 1
adjacency is
calculate patl
Level 2 Inter]
Data NPDUY{
Intermediate
detail.

Designated Level 2 Intermediate Systems repair the partition by fotwarding NPDUs destined fo
hrough the level 2 subdomain. They do this by acting in theiricapacity as Level 1 Intermedi
1 their Level 1 LSPs adjacencies to each Partition Designated-Level 2 Intermediate System i
known as a “Virtual Adjacency” or “Virtual Link”.
is to the other partitions through the Partition Designatéd FLevel 2 Intermediate System. A Part
nediate System forwards the Level 1 NPDUs through:the level 2 subdomain by encapsulating th
with its Virtual Network Entity Title as the souree NSAP and the “adjacent” Partition Des
System’s Virtual Network Entity Title as the destination NSAP. The following sub-clauses desc

7.2.10.1 Palrtition detection and virtual level 1 link'creation

Partitions of

h Level 1 area are detected by the Level 2 Intermediate System(s) operating within the area. Pa
partition repair process by a Level 2 Intermediate system is predicated on the fact that all L2 ISs also function
their own arefp. A partition of a given ared exists whenever two or more Level 2 ISs located in that area are re
LSPs as being a “Partition Designated -Level 2 IS”. Conversely, when only one Level 2 IS in an area is repof
“Partition Depignated Level 2 IS”, then that area is not partitioned. Partition repair is accomplished by the Part
Level 2 IS. The election of the Partition Designated Level 2 IS as described in the next subsection must be
detection and repair process can begin.

A

In order to rppair a parfition of a Level 1 area, the Partition designated Level 2 IS creates a “Virtual Net
represent the|partition,\The Network Entity Title for this virtual network entity shall be constructed from the
address fronj its Level 2 Link State PDU, and the ID of the Partition Designated Level 2 IS, with a s

other partitions
te Systems and
h the area. This

Thus“other Level 1 Intermediate Systems in a partition

tion Designated
em in ISO 8473
ignated Level 2
ibe this in more

ticipation in the
as L1 ISs within
ported in the L2
ted as being the
ition Designated
done before the

work Entity” to
first listed area
elector value of
cency managed

Intradomain outelngSeIectOr The IS shall also construct a V1rtual hnk (represented by a new Vlrtual Ad]
object) to cach n-th e

deéntifier attribute.

The virtual links are the repalr paths for the partltlon They are reported by the Partrtron Desrgnated Level 2 IS into the entire
Level 1 area by adding the ID of each “adjacent” Partition Designated Level 2 IS to the Intermediate System Neighbours
field of its Level 1 Link State PDU. The Virtual Flag shall be set “True” for these Intermediate System neighbours. The metric
value for this virtual link shall be the default metric value d(N) obtained from this system’s Level 2 PATHS database, where N
is the “adjacent” Partition Designated Level 2 IS via the Level 2 subdomain. If the computed metric value exceeds the value of
MaxLinkMetric, the IS shall report the value of MaxLinkMetric for the virtual link.

An Intermediate System which operates as the Partition Designated Level 2 Intermediate System shall perform the following
steps after completing the Level 2 shortest path computation in order to detect partitions in the Level 1 area and create repair
paths:

a) Examine Level 2 Link State PDUs of all Level 2 Inter-mediate systems. Search Area Addresses for any address that
matches any of the addresses in partitionAreaAddresses. If a match is found, and the Partition Designated Level 2
Intermediate system’s ID does not equal this system’s ID, then inform the level 1 update process at this system of the
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identity of the Partition Designated Level 2 Intermediate system, together with the path cost for the default routeing metric
to that Intermediate system.

b)

Continue examining Level 2 LSPs until all Partition Designated Level 2 Intermediate systems in other partitions of this

area are found, and inform the Level 1 Update Process of all of the other Partition Designated Level 2 Intermediate
systems in other partitions of this area, so that

1)

the level 2 subdomain).

2)

If a partition hgs-hea

Adjacency. The
as a virtual link
algorithm descri

If such a Virtual

7.2.10.2 Elect]

The Partition Dq

reports itse
reports itse
operates as
is reachablg
has the low

The election of
decision process

In order to guar
1 LSPs for the 4
of this decision

link routeing. Fjom this set, the Partition Designated Level 2 IS is selected by choosing the IS for which:

IS Type (a
ATT indical
P indicates
ID is the loy

7.2.10.3 Com

For systems wh
for areaAddre
paritionAreaAd

b

s Level 1 Link State PDUs.

Partition Designated Level 2 IS detects a healed partition when another Partition Designated L
in its Level 1 Link State PDU was not found after running the partition detection and yittual
bed above.

Adjacency is created or destroyed, the IS shall generate a partitionVirtualLinkChange event.

jon of partition designated level 2 intermediate system

signated Level 2 IS is a Level 2 IS which:

as “attached” by the default metric in its LSPs;
as implementing the partition repair option;

h Level 1 1S in the area;

from the IS performing the calculation via Level 1 routeingwithout traversing any virtual links; 4
est ID

the Partition Designated Level 2 IS is performed by tunning the decision process algorithm aftg
has finished, and before the Level 2 decision procéss to determine Level 2 paths is executed.

intee that the correct Partition Designated Level 2 IS is elected, the decision process is run using d
rea, and by examining only the Intermediate System Neighbours whose Virtual Flag is FALS
process is a set of all the Level 1 Intermediate Systems in the area that can be reached via Level

reported in the Level 1 LSP)is*“Level 2 Intermediate System”;
fes “attached” by the default'metric;
support for the partition\repair option; and
vest among the subset)of attached Level 2 Intermediate Systems.

butation of partition area addresses

ch do not implement partition repair, the value of partitionAreaAddresses is identical to the val
sses-'as” described in 7.2.11.  For systems which do implement partition repair, t
drésses is determined as follows. A Level 2 Intermediate System shall compute

Level 1 Link State PDUs can be propagated to all other Partition designated level 2 Intermediate systems for this area (via

All the Partition Designated Level 2 Intermediate systems for other partitions of this area can be reported as adjacencies in
this system’

ing the Virtual

el 2 IS listed
link creation

nd

r the Level 1

nly the Level
E. The results
1, non-virtual

lue computed
he value of
the set of

partitionAreaA

dreésses.  The set of partitionAreaAdresses is defined as the union of all manualAreaA

ddresses as

reported in the Level 1 link state PDUs of all level 1 and level 2 Intermediate Systems reachable in the partition by the
traversal of non-virtual links. If more than maximumAreaAddresses are present, the Intermediate system shall retain only
those areas with numerically lowest area address (as described in 7.1.8). If one of the local system’s manualAreaAddresses
is so rejected the event manual-AddressDroppedFromArea shall be generated.

7.2.10.4 Encapsulation of NPDUs across the virtual link

All NPDUs sent over virtual links shall be encapsulated as ISO 8473 Data NPDUs. The IS shall encapsulate NPDUs in ISO
8473 Data PDUs as follows:

a) The Source Address field of the encapsulating Data NPDU shall contain the Virtual Network Entity Title of the Partition
Designated Level 2 IS that is forwarding the NPDU over the virtual link

b) The Destination Address field shall contain the Virtual NET of the “adjacent” Partition Designated Level 2 IS
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The SEL field in both addresses shall contain the IntradomainRouteingSelector value.
If the PDU to be encapsulated is an ISO 8473 Data or Error PDU the IS shall,

Ensure that the header of the encapsulating PDU indicates routeing by the default metric. Routeing by the default

metric may be indicated either by including a QoS parameter with its bits set in accordance with Table 1, or by
carrying no QoS parameter at all [see 7.4.2 item a)]

copy the Segmentation Permitted, and Error Report flags from the inner PDU.
copy the Lifetime field from the inner NPDU. When the inner NPDU is decapsulated, its Lifetime field shall be set to

the value of the Lifetime field in the outer NPDU.

Ftlha Daota NDIVIT (oo de 65510 +at Liathot
tta—TNT 1T \o4 T

If the PDU to be encapsulated is an ISO 8473 Data PDU, the IS shall not segment it before encapsulation, unless the total

c)
d)
1y
2)
3)
e)
length o
segment,
transmis
f) Ifthe PO
1) sett]
2) sett]
3) sett
the

The encapsull
Receive proc

7.2.10.5 En

A level 2 Int
has to forwa
shall perform

a) It sh
adja
cons
Inte

Intrgdomain-RouteingSelector.

b) Itsh

7.2.11 Cor

A Level 1 or
1 area), by fo
with LSP nul
routeing.

1aa-lhaadar) aq
HE ot —OXCooas OCtetS— T Cascs

bd, then encapsulated. In all cases, the encapsulated Data NPDU may need to be segmented-by |
ion in which case it must be reassembled and decapsulated by the destination Partition Designate

U to be encapsulated is an LSP or SNP, the IS shall:

d
1> e

he Segmentation Permitted flag to “True”;

he Error Report flag to “False”

lifference between 255 and the value of the Lifetime field in the outer NPDU.

ption is further described as part of the forwarding process in 7.4.3.2."The decapsulation is descril
Pss in 7.4.4.

capsulated NPDU Forwarding Mechanism

prmediate System (including a level 2 IS which does not support the partition repair function) oy
d the encapsulated NPDUs to a destination of partition Designated Level 2 IS. To achieve thi
the following functions:

all construct the level 2 forwarding database consisting of the pairs <NET of partition Design
cency to the partition Designated level 2\IS>. The NET of the partition Designated level 2 Interm
tructed from first listed area addresS)from the Area Addresses ficld and the Partition Desig
rmediate System field reported.by @ level 2 LSP stored in a level 2 Link State database, with a

all choose the level 2 route with the longest address prefix match.

nputation of area‘addresses

[Level 2 Interritediate System shall compute the values of areaAddresses (the set of area address
rming theunion of the sets of manualAreaAddresses reported in the Area Addresses field of
nber zero-in the local Intermediate system’s link state database from all ISs which are reachs

NOTE 18 Thi

the-ertsinal-Data—NRBDU shall first be

SO 8473 before
i Level 2 IS.

he Lifetime field to 255. When an inner LSP is decapsulated, its remainigig lifetime shall be decfemented by half

ed as part of the

rer a virtual link
5, the level 2 IS

ated level 2 IS,
ediate System is
jnated Level 2
belector value of

les for this Level
hll Level 1 LSPs
ble via Level 1

WL des all hetl | hahle via Leyel 1 links - hoth virtial and non-virtnal 1

local Intermediate System's own Level 1 LSP with LSP number zero.

it also includes the

NOTE 19 There is no requirement for this set to be updated immediately on each change to the database contents. It is permitted to defer
the computation until the next running of the Decision Process.

If more than maximumAreaAddresses are present, the Intermediate system shall retain only those areas with numerically
lowest area address (as described in 7.1.8). If one of the local system’s manualAreaAddresses is rejected the event
manualAddressDroppedFromArea shall be generated.

7.2.12 Order of preference of routes

7.2.12.1 If an Intermediate system takes part in level 1 routeing, and determines (by looking at the area address) that a given
destination is reachable within its area, then that destination will be reached exclusively by use of level 1 routeing. In

particular:
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a)
b)

©)

Level 1 routeing is always based on internal metrics.

Amongst routes in the area, routes on which the requested QoS (if any) is supported are always preferred to routes on
which the requested QoS is not supported.

Amongst routes in the area of the same QoS, the shortest routes are preferred. For determination of the shortest path, if a
route with specific QoS support is available, then the specified QoS metric is used, otherwise the default metric is used.

7.2.12.2 If an Intermediate system takes part in level 1 routeing, does not take part in level 2 routeing, and determines (by
looking at the area address) that a given destination is not reachable within its area, and at least one attached level 2 IS is
reachable in the area, then that destination will be reached by routeing to a level 2 Intermediate system as follows:

a)
b)

¢)

7.2.12.3 If an In
destination is re

a)
b)

¢)

d)

7.2.12.4 If an Iy
address) that a given destination is not reachable within its“area, forwarding for that destination will select routes 4

a)

b)

Level 1 routeing is always based on internal metrics.

Amongst 1d
preferred to

Amongst rg

shortest path, if a route on which the specified QoS is available, then the specified QoS metriclis used,

default met

level 1 rout

a level 2 ro
shall be pre

amongst 1o
which the r

amongst rofites in the area of the same QoS, the shortest routés are preferred. For determination of the sho

route with s

Routes on ¥
supported.

Amongst rd

1) Highest j
domain (
longest p

Medium
internal 1
then the |

2)

3) Lowest p

utes in the area to attached level 2 ISs, routes on which the requested QoS (if any) is suppertq
routes on which the requested QoS is not supported.

utes in the area of the same QoS to attached level 2 ISs, the shortest route is preferred. For|deterny
ic is used.

termediate system takes part in level 2 routeing and the IS determines (by lgoking at the area ad
hchable within its area, then the destination will be reached either by level dvor level 2 routeing, as

ping is always based on internal metrics;

ite, if it exists, shall be preferred over a level 1 route that traverses a virtual link. Otherwise, the
ferred;

ites in the area, routes on which the requested QoS (if.any) is supported are always preferred
pquested QoS is not supported;

pecific QoS support is available, then the specifiéd;QoS metric is used, otherwise the default mety

termediate system takes part in level 2 roufeing and is attached, and the IS determines (by looki
vhich the requested QoS (if any) isssupported are always preferred to routes on which the request|

utes of the same QoS, route§ are prioritised as follows:

recedence: routes whose destination area address matches the area address of an area inside
.e. the route does not'go outside the routeing domain). In case of multiple matching addres
refix shall be preférred.

precedence: routes constructed from the Reachable Address Prefix information in an LSP whicl
hetric. Inthecase of multiple prefixes which match a given destination address which all have int
pngest. prefix shall be preferred.

recedence: routes constructed from the Reachable Address Prefix information in an LSP which

d are always

ination of the
btherwise the

iress) that the
follows:

level 1 route

to routes on

test path, if a
ic is used.

ng at the area
s follows:

ed QoS is not

the routeing

prefixes the

) indicates an
ernal metrics,

indicates an

external

metric.  In the case of multiple prefixes which match a given destination address which all

have external

metrics, then the longest prefix shall be preferred.

¢) For routes with equal precedence as specified above, the shortest path shall be preferred. For determination of the shortest
path, a route supporting the specified QoS is used if available; otherwise a route using the default metric shall be used.
Amongst routes of equal cost, load splitting may be performed.

7.3 Update process

The Update process is responsible for generating and propagating Link State information reliably throughout the routeing
domain.

The Link State information is used by the Decision process to calculate routes.
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INPUT

ISO/IEC 10589:2002(E)

Input and output

Adjacency Database — maintained by the Subnetwork Dependent Functions

Reachable Address managed objects - maintained by System Management

Notification of Adjacency Database Change — notification by the Subnetwork Dependent Functions that an adjacency has

come up, gone down, or changed cost. (Circuit up, Circuit down, Adjacency Up, Adjacency Down, and Cost change

events)

adjacencyy it was received on.

- Sequencg¢ Numbers PDUs — The Receive Process passes Sequence Numbers PDUs to the Update Proces
indicatiop of which adjacency it was received on.

- Other Pafrtitions — The Level 2 Decision Process makes available (to the Level 1 Update Process on a Levg
system) @ list of Partition Designated Level 2 Intermediate system, Level 2 defauly metric value pairs, fof
of this area.

OUTPUT

- Link Stafe Database

- Signal td the Decision Process of an event, which is either the receiptof a Link State PDU with different i
the storefd one, or the purging of a Link State PDU from the_database. The reception of a Link State P
different|sequence number or Remaining Lifetime from one.alréady stored in the data base, but has an i
length pgrtion, shall not cause such an event.

NOTE 20 An
number, with {
are different a
needed determ|

7.3.2 Ger
The Update
inform all thg

2), of the stat

The Update

circumstancep:

a)

upon tim

Link Stafe PDUs — The Receive Process passes Link State PDUs to the Update Process, along with an-ind

implementation may compare the checksum of the stored Link State PDU, modified according to the c}
he checksum of the received Link State PDU Af'they differ, the implementation may assume that the varial
nd it shall signal an event to the Decision Ptocess. However, if the checksums are the same, an octet for o
ne whether or not to signal the event.

eration of local link state‘information

Process is responsible_for constructing a set of Link State PDUs. The purpose of these Link S
other Intermediate Systems (in the area, in the case of Level 1, or in the Level 2 subdomain, in t
e of the links between the Intermediate system that generated the PDUs and its neighbours.

Process in<an-"Intermediate system shall generate one or more new Link State PDUs unds

D.

er eXpiration;

AttachedFlag — (level 2 Intermediate systems only), a flag computed by the Level 2 Decision Process indicating whether
this system can reach (via level 2 routeing) other areas

ication of which

s, along with an

1 2 Intermediate
other partitions

hformation from
DU which has a
lentical variable

lange in sequence
le length portions
ctet comparison is

tate PDUs is to
he case of Level

r the following

b) when no

ified by the Subnetwork Dependent Functions of an Adjacency Database Change;

c)

change in manualAreaAddresses).

7.3.3 Use

of manual routeing information

when a change to some System Management parameter would cause the information in the LSP to change (for example, a

Manual routeing information is routeing information entered by System Management. It may be specified in two forms.

a) Manual Adjacencies

b) Reachab

le Addresses

These are described in the following sub-clauses.
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7.3.3.1

Manual adjacencies

An End system adjacency may be created by System Manage-ment. Such an adjacency is termed a manual End system
adjacency. In order to create a manual End system adjacency, system management shall specify:

a)
b)

the (set of) system IDs reachable over that adjacency; and

the corresponding SNPA Address.

A manual adjacency is considered to be “active” when all the following conditions are true:

a) The operationalState of the linkage managed object associated with the parent circuit is “Enabled”

b)
¢)

the parent ¢

Whenever a ma
cause it to inclu

Whenever a mal
cause it to cease

NOTE 21 Manu
presuppose that a

Metrics assigne

7.3.3.2 Reac

A Level 2 Inter
When a reachd
with its parent
included in Lev

Metrics assigne

A reachable add

a) The operatjonalState of the linkage-managed object associated with the parent circuit is “Enabled”;

b)
¢)

the operati
the parent ¢
Whenever a rea

cause it to incly
generated by thg

the adjacefcyState of the managed object associated with the adjacency 1s ~On and

ircuit is of type broadcast or its underlying data link is operational.

hual adjacency changes from being “inactive” to “active” a signal shall be generated,te)the Upd
e the IDs of the manual adjacency in the Level 1 LSPs generated by that system as(described in 7

hual adjacency changes from being “active” to “inactive”, a signal shall be generated to the Upd
including the IDs of the manual adjacency in the Level 1 LSPs.

hl End system adjacencies are not included in a Level 1 LSPs issued onsbehalf of a pseudonode, sif
| Intermediate systems on a broadcast subnetwork had the same set of manualadjacencies as defined for this

| to Manual adjacencies shall be internal metrics.

hable addresses

nediate system may have a number of reach-ableAddress managed objects created by System
bleAddress managed object is in operational~State “Enabled” and the linkage managed obj
Circuit is also in operationalState “Enabled™, the name and each of its defined routeing me
bl 2 LSPs generated by this system.

| to reachableAddress managed objects may be either Internal or External.

ress is considered to be “activeX:when all the following conditions are true:

bnalState of the reachableAddress is “Enabled”; and

ircuit is of type breadcast or its underlying data link is operational.

Chable addre§s changes from being “inactive” to “active” a signal shall be generated to the Upd
de the_Address Prefix of the reachable address and each of its defined routeing metrics in the
t systenr as described in 7.3.9.

Lo Tlad

hte process to
.3.7.

hte process to

ce that would
circuit.

management.
bct associated
trics shall be

hite process to
L evel 2 LSPs

Whenever a rea
cause it to cease
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including the Address Prefix of the reachable address in the Level 2 LSPs.

7.3.4 Multiple LSPs

ate process to

7.3.4.1 Because a Link State PDU is limited in size to ReceiveLSPBufferSize, it may not be possible to include in-
formation about all of a system’s neighbours in a single LSP. In such cases, a system may use multiple LSPs to convey this
information. Each LSP in the set carries the same sourcelD field (see clause 9), but sets its own LSP Number field
individually. Each of the several LSPs is handled independently by the Update Process, thus allowing distribution of topology
updates to be pipelined. However, the Decision Process recognises that they all pertain to a common originating system
because they all use the same sourcelD.

NOTE 22 Even if the amount of information is small enough to fit in a single LSP, a system may optionally choose to use several LSPs to
convey it; use of a single LSP in this situation is not mandatory.
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NOTE 23 In order to minimize the transmission of redundant information, it is advisable for an IS to group Reachable Address Prefix
information by the circuit with which it is associated. Doing so will ensure that the minimum number of LSP fragments need be transmitted
if a circuit to another routeing domain changes state.

7.3.4.2 The maximum sized Level 1 or Level 2 LSP which may be generated by a system is controlled by the values of the

management

parameters originatingL 1LSPBufferSize or originatingL2LSPBufferSize respectively.

NOTE 24 These parameters should be set consistently by system management. If this is not done, some adjacencies will fail to initialise.

7.3.4.3 The

IS shall treat the LSP with LSP Number zero in a special way, as follows:

a) The following fields are meaningful to the decision process only when they are present in the LSP with LSP Number zero:

1) The sg
2) The vd
3) The A
If ther

place
4) the set
b) When th
zero, to 1

7.3.44 Onc
another LSP

tting of the LSP Database Overload bit.
lue of the IS Type field.

ea Addresses option field. The Area Addresses option shall be present only in an-lL.SP with L
b are more area addresses than will fit in a single instance of the Area Addresses option field,
2 area addresses in each instance of the field except the last.

ting of the AttachedFlag bit
e values of any of the above items are changed, an Intermediate System shall reissue the LSP w

nform other Intermediate Systems of the change. Other LSPs need not-be reissued.

e a particular adjacency has been assigned to a particular LSP.Number, it is desirable that it 1
Number. This is because moving an adjacency from one LSP<{to another can cause temporary los

to that system. This can occur if the new version of the LSP whigh ‘eriginally contained information abo

(which now
information 4

NOTE 25 An
10 % of the op
accomplished

If it is necess|
as an atomic

7.3.4.5 Whe
which would
change only 1

7.3.4.6 If an
an IS purge t
preferable. A
databases.

Joes not contain that information) is propagated beforé\the new version of the other LSP (which
bout the adjacency).

implementation is recommended to ensure that thechumber of LSPs generated for a particular system is wit]
fimal number which would be required if all LSPs\were densely packed with neighbour options. Where poss|
by re-using space in LSPs with a lower LSP Namber for new adjacencies.

ary to move an adjacency from one<L.SP to another, the SRMflags (see 7.3.15) for the two new 1
hction. "

n some event requires changing the LSP information for a system, the system shall reissue that
have different content$y It*is not required to reissue the unchanged LSPs. Thus a single End s
equires the reissuingofithe LSP containing the End System Neighbours option referring to thaf

LSP becomes empty, because all of the adjacencies reported in that LSP no longer exist, it is re
hat LSP. AqLS may alternatively choose to reissue it as an empty LSP (i.e. with no options), alt}
in IS shotld not allow the LSP to age out as this results in having incorrect routing information

7.3.5 Per

odic L.SP generation

SP number zero.
then the IS shall

th LSP Number

jot be moved to
of connectivity
t the adjacency
ow contains the

hin approximately
Ible this should be

LSPs shall be set

(or those) LSPs
stem adjacency
adjacency.

tommended that
lough purging is
n all of the LSP

The Update Process shall periodically re-generate and propagate on every circuit with an IS adjacency of the appropriate level
(by setting SRMflag on each circuit), all the LSPs (Level 1 and/or Level 2) for the local system and any pseudonodes for

which it

is

responsible. The Intermediate system shall regenerate each LSP at intervals

maximumLSPGenerationinterval, with jitter applied as described in 10.1.

It is not required to synchronise the regeneration of the individual LSPs.

1))

of at most

If the two SRMflags are not set atomically, a race condition will exist in which one of the two LSPs may be propagated quickly, while

the other waits for an entire propagation cycle. If this occurs, adjacencies will be falsely eliminated from the topology and routes may
become unstable for periods of time potentially as large as maximumLSPGenerationinterval.
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7.3.6 Event driven LSP Generation

In addition to the periodic generation of LSPs, an Intermediate system shall generate an LSP when an event occurs which
would cause the information content to change. The following events may cause such a change.

When such an ¢
generation of an
could not be ac
LSP(s) on every

There is a hold

7.3.7 Genern

The Level 1 Link State PDU not generated on behalf of a pseudonode contains the following information in its v
fields.

The metrics sha

30

an Adjacency or Circuit Up/Down event

a change in
a change in
a change in
a change in
a change in
a change in

Circuit metric

Reachable Address metric
manualAreaAddresses

systemID

Designated Intermediate System status

the w ﬂiting status

creation or
a changed d

In the Area

In the Inte
systems for|

The set of peighbourSystemIDs with an appended zeto octet (indicating non-pseudonode) from adjacenci

“Up”, on ci
x neighbo

x neighbot

The set of |

The metrics
(default, de

The set of
(Note that t
the total co

elete of a virtual circuit
f AttachedFlag

vent occurs the IS shall re-generate changed LSP(s) with a new sequence number. If théyevent ne
LSP which had not previously been generated (for example, an adjacency “Up” event'for an adj
commodated in an existing LSP), the sequence number shall be set to one. The IS shall then

lown timer (minimumLSPGenerationInterval) on the generation of each.iidividual LSP.

ation of level 1 LSPs (non-pseudonode)

Addresses option — the set of manualAreaAddresses for this Intermediate System.

mediate System Neighbours option — the set of Intermediate system IDs of neighbouring
med from

Fcuits of type “ptToPt”, “staticIn”, or “staticOut”, with
UrSystemType “L1 Intermediate System”

rSystemType “L2 Intermediate System” and adjacencyUsage “Level 1” or “Level 1 and 2”.

1 be set to the values of Level 1 metric & of the circuit for each supported routeing metric.
CircuitlDs for all girouits of type “Broadcast” (i.e. the neighbouring pseudonode IDs) .

shall be set to the-values of Level 1 metric; of the circuit for each supported routeing metric, wh
ay, error, expense).

Ds with.an/appended zero octet derived from the Network Entity Titles of all Virtual Adjacenc
he Virtual Flag is set when encoding these entries in the LSP — see 7.2.10.) The default metric
t to-the virtual NET for the default routeing metric. The remaining metrics shall be set to the va

cessitated the
hcency which
propagate the

circuit by setting SRMflag for each circuit. The timer maximumLSPGenerationinterval shall not be reset.

hriable length

Intermediate

ts in the state

ere k = one of

es of this IS.
thall be set to
ue indicating

unsupporte

i

In the End

System Neighbours option — the set of Ids of neighbouring End systems formed from

The systemlID of the Intermediate System itself, with a value of zero for all supported metrics.

The set of neighbourSystemIDs from all automatically created adjacencies, in state “Up”, on circuits of type “ptToPt”,
“staticIn”, or “staticOut”, with neighbourSystemType “End system”. The metrics shall be set to the values of Level 1
metricy, of the circuit for each supported routeing metric, where k = one of (default, delay, error, expense).

The set of neighbourSystemIDs from all system management-created adjacencies in state “Up”, on all circuits, with
neighbourSystemType “End system” The metrics shall be set to the values of Level 1 metric, of the circuit for each
supported routeing metric, where k& = one of (default, delay, error, expense).
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In the Authentication Information field — if the system’s areaTransmitPassword is non-null, include the
Authentication Information field containing an Authentication Type of “Password”, and the value of the
areaTransmitPassword.

7.3.8 Generation of level 1 pseudonode LSPs

An IS shall generate a Level 1 pseudonode Link State PDU for each circuit for which this Intermediate System is the Level 1
LAN Designated Intermediate System. The LSP shall specify the following information in its variable length fields. In all
cases a value of zero shall be used for all supported routeing metrics

The Area Addresses option is not present.

NOTE 26 This information is not required since the set of area addresses for the node issuing the pseudonode LSP will already have been
made available via its own non-pseudonode LSP.

In the In
Systems

The Des
The set
circuit in
x neighbd

x neighbo

termediate System Neighbours option — the set of Intermediate System IDs of neighbour
on the circuit for which this pseudonode LSP is being generated formed from

gnated Intermediate System’s own systemID with an appended zero octet (indicating agn+pseud

pf neighbourSystemIDs with an appended zero octet (indicating non-pseudondde) from adj
the adjacencyState “Up”, with

urSystemType “L1 Intermediate System”

irSystemType “L2 Intermediate System” and adjacencyUsage “Level\l”’.

In the End System Neighbours option — the set of Ids of neighbouring End_systems formed from:

The set
pseudon

In the
Authent
areaTrg

7.3.9 Gern

The Level 2
fields:

In the A
7.2.10.3

In the Pz
partition

In the In
systems

The set
GGUp”’ OI]

The set

f neighbourSystemIDs from all automatically-created adjacen¢ies, in state “Up”, on the circu
de is being generated, with neighbourSystemType “End-system”.

Authentication Information field — if the system?s areaTransmitPassword is non-ni
cation Information field containing an Authentication Type of “Password”, and the
hsmitPassword.

eration of level 2 LSPs (non-pseudonode)

|ink State PDU not generated on behalf of a pseudonode contains the following information in it

rea Addresses option — the” set of partitionAreaAddresses for this intermediate system
rtition Designated Level 2°IS option — the ID of the Partition Designated Level 2 Intermediat

termediate System Neighbours option — the set of Intermediate system IDs of neighbour
formed from:

f neighbourSystemIDs with an appended zero octet (indicating non-pseudonode) from adjacef
circuifs;of type “ptToPt”, “staticIn”, or “staticOut”, with neighbourSystemType “L2 Intermed

of 12CircuitIDs for all circuits whose linkage managed object is of type “Broadcast”. (i.e. t

ng Intermediate

node).

hcencies on this

it for which this

111, include the
value of the

5 variable length

as described in
b System for the
ng Intermediate
icies in the state

ate System”.

he neighbouring

pseudon

de 1D3)

The metric and metric type shall be set to the values of Level 2 metric;, of the circuit for each supported routeing metric.

In the Prefix Neighbours option — the set of variable length prefixes formed from

The set of prefixAddresses from all reachableAddress managed objects in operationalState “Enabled”, on all circuits
in state “Up”.

The metrics shall be set to the values of Level 2 metric, for the reachable address.

In the Authentication Information field — if the system’s domainTransmitPassword is non-null, include the
Authentication Information field containing an Authentication Type of “Password”, and the value of the
domainTransmitPassword.
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7.3.10 Gener

ation of level 2 pseudonode LSPs

A Level 2 pseudonode Link State PDU is generated for each circuit for which this Intermediate System is the Level 2 LAN
Designated Intermediate System and contains the following in-formation in its variable length fields. In all cases a value of
zero shall be used for all supported routeing metrics.

The Area Addresses option is not present.

NOTE 27 This information is not required since the set of area addresses for the node issuing the pseudonode LSP will already have been
made available via its own non-pseudonode LSP.

Systems on
The Desig
The set of

circuit in th

The Prefix

In the Au
Authentica
domainTr.

7.3.11 Gene

This Internation|

The source IS s
other system. T
information and

The checksum §
those appearing

As an additiond
checksum varial
(This value is ¢
resume Checksy

NOTE 28 All CI
source from accid|

7.3.12 Initiaging transmission

The IS shall sto
same LSP Num
set the SRMfla

the circuit for which this pseudonode LSP is being generated formed from:

neighbourSystemIDs with an appended zero octet (indicating non-pseudonode) from adjacg
state “Up” with neighbourSystemType “L2 Intermediate System”.

eighbours option is not present.

hentication Information field — if the system’s domainTransmitPassward-is non-null
ion Information field containing an Authentication Type of “Password”, and the Y
nsmitPassword.

ation of the checksum

hl Standard makes use of the checksum function defined in ISO 8473.

hall compute the LSP Checksum when the LSP is generated. The checksum shall never be mo|
he checksum allows the detection of memory corruptiens and thus prevents both the use of inco|
its further propagation by the Update Process.

hall be computed over all fields in the LSP which appear after the Remaining Lifetime field. T|
before it) are excluded so that the LSP may be aged by systems without requiring recomputation.

| precaution against hardware failure, when the source computes the Checksum, it shall start
bles (CO and C1) initialized to what‘they would be after computing for the systemID portion of
bmputed and stored when the Network entity is enabled and whenever systemID changes.) The
m computation on the contents.of the PDU after the first ID Length octets of the Source ID field

hecksum calculations onthe\LSP are performed treating the Source ID field as the first octet. This procedu
entally sending out Lik'State PDUs with some other system’s ID as source.

e the generated Link State PDU in the Link State Database, overwriting any previous Link State
per generated by this system. If the generated Link State PDU is of type level 1, the Intermediate
jfat that LSP over each circuit that has at least one adjacency of neighborSystemType “L1

In the Intermediate System Neighbours option — the set of Intermediate System IDs of neighbouring Intermediate

de).

ncies on this

include the
alue of the

dified by any
[rect routeing

his field (and

with the two

ts Source ID.
IS shall then

re prevents the

PDU with the
System shall
Intermediate

System”, or at |

1. £ H Qo n s o LI o 1. ral 22 1 'H 1l
dSU OIIC dUjdCClICY O TITIYTTUUT O yoSITTTT T ypT© L2 1ICTIIICUIAtT O ySICIIT - dalll daUjalCliLyUodytc

“Level 1” or

“Level 1 and 27, and all virtual links. If the generated Link State PDU is of type level 2, the Intermediate System shall set the
SRMflag for that LSP over each circuit which has at least one adjacency of neighborSystemType “L2 Intermediate System”.

An Intermediate system shall ensure (by reserving resources, or otherwise) that it will always be able to store and internalise its
own non-pseudonode zero th LSP. In the event that it is not capable of storing and internalising one of its own LSPs it shall
enter the overloaded state as described in 7.3.19.1.

NOTE 29 It is recommended that an Intermediate system ensures (by reserving resources, or otherwise) that it will always be able to store
and internalise all its own (zero and non-zero, pseudonode and non-pseudonode) LSPs.
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7.3.13 Preservation of order

When an existing Link State PDU is re-transmitted (with the same or a different sequence number), but with the same
information content (i.e. the variable length part) as a result of there having been no changes in the local topology databases,
the order of the information in the variable length part shall be the same as that in the previously transmitted LSP.

NOTE 30 If a sequence of changes results in the state of the database returning to some previous value, there is no requirement to preserve
the ordering. It is only required when there have been no changes whatever. This allows the receiver to detect that there has been no change

in the information content by performing an octet for octet comparison of the variable length part, and hence not re-run the decision process.

7.3.14 ropagation of LSPs

7.3.14.1 THe update process is responsible for propagating Link State PDUs throughout the domain (or in the|case of Level 1,

throughout the area).

The basic mg¢chanism is flooding, in which each Intermediate system propagates to all its neighbout” Intermediate systems

except that n¢gighbour from which it received the PDU. Duplicates are detected and dropped.

7.3.14.2 Lipk state PDUs are received from the Receive Process. The maximum size control PDU (Link State PDU or

Sequence Numbers PDU) which a system expects to receive shall be ReceiveLSPBufferSize octets. (i.e. thg Update process

must provide| buffers of at least this size for the reception, storage and forwarding of\rec€ived Link State PDUs and Sequence

Numbers PDUs.) If a control PDU larger than this size is received, it shall be treated as if it had an invali¢l checksum (i.e.

ignored by the Update Process and a corruptedLSPReceived event generated):

Upon receiptfof a Link State PDU the Update Process shall perform the following functions:

a) Level 2 Link State PDUs shall be propagated on circuits which have at least one Level 2 adjacency.

b) Level 1[Link State PDUs shall be propagated on circuits which have‘at least one Level 1 adjacency or at least one Level 2
adjacencly not marked “Level 2 only, and virtual links”.

Cc) When piopagating a Level 1 Link State PDU on a broadcast subnetwork, the IS shall transmit to the multi-destination
subnetwork address AlIL1IS.

d) When piopagating a Level 2 Link State PDU on atbroadcast subnetwork, the IS shall transmit to the multi-destination
subnetwork address AlIL2IS.

NOTE 31 Wlen propagating a Link State PDU on «a(general topology subnetwork the Data Link Address is unambigupus (because Link

State PDUs ar¢ not propagated across DynamicallysAssigned circuits).

e) An Interpnediate system receiving a kink: State PDU with an incorrect LSP Checksum or with an invalid PDU syntax shall
1) gendrate a corruptedLSPReceived circuit event,

2) dischrd the PDU.

f) A Internfediate system receiving a Link State PDU which is new (as identified in 7.3.16) shall
1) stor¢ the Link State PDU into Link State database, and
2) mark it as needing to be propagated upon all circuits except that upon which it was received.

g) When a [ntermediate system receives a Link State PDU from source S, which it considers older than the pne stored in the
databaselfor-S—it-shallset-the-SRMiagforS s ink-State RPDU-associated-with-the-eirenitfrom-whieh-thelolder Link State
PDU was received. This indicates that the stored Link State PDU needs to be sent on the link from which the older one
was received.

h) When a system receives a Link State PDU which is the same (not newer or older) as the one stored, the Intermediate

system shall

1) acknowledge it if necessary, as described in 7.3.17,and
clear the SRMflag for that circuit for that Link State PDU.
)

A Link State PDU received with a zero checksum shall be treated as if the Remaining Lifetime were zero. The age, if not
zero, shall be overwritten with zero.
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7.3.14.3 The Update Process scans the Link State Database for Link State PDUs with SRMflags set. When one is found,
provided the timestamp lastSent indicates that it was propagated no more recently than minimumLSPTransmissioninterval,

the IS shall
a)

transmit it on all circuits with SRMflags set, and

b) update lastSent.

7.3.15 Manipulation of SRM and SSN flags

For each Link State PDU, and for each circuit over which routeing messages are to be exchanged (i.e. not on DA circuits),

there are two fla,

gs:

Send Routeing |
circuits SRMfla
reception of a L

SRMflag shall 1
(See 7.3.15.2).

If an LSP is larg
propagate this |
implemented in

1) The relativq
time the SH
is generated.

2) The relativg

time an at

ISPTooLangeToPropagate alarm is generated.

Send Sequence
Partial Sequenc
been transmitted
State PDU was

SSNflag shall n

7.3.15.1 Actign on receipt of a linkstate PDU

When a Link St
a) Perform thd
1) Ifthel

2) Ifalevi

essage (SRMflag) — if set, indicates that Link State PDU should be transmitted on that circuit,
g is cleared as soon as the LSP has been transmitted, but on non-broadcast circuits SRMflagnis’ of
nk State PDU or Sequence Numbers PDU as described below.

hever be set for an LSP with sequence number zero, nor on a circuit whose externalbomain attril

er than the dataLinkBlockSize of a circuit over which it is to be propagated, then no attempt shg
LSP over the circuit and an ISPTooLargeToPropagate alarm shall-be" generated. This beh
either of the following ways:

sizes of the LSP and the dataLinkBlockSize of the circuit overwhich it is to be propagated is g
EMflag is to be set. If the LSP size is larger, the SRMflag isfiot set and an ISPTooLargeToPro

sizes of the LSP and the dataLinkBlockSize of the €ircuit over which it is to be propagated is ¢

empt to transmit the LSP is to be made. If the LSP size is larger the SRMflag is clg

Numbers (SSNflag) — if set, indicates.that*information about that Link State PDU should be
e Numbers PDU transmitted on that circuit with an associated linkage. When the Sequence Num
SSNflag is cleared. Note that thesPartial Sequence Numbers PDU serves as an acknowledgeme
eceived.

ever be set on a circuit whose/externalDomain attribute is “True”.

ite PDU is receivedon a circuit C, the IS shall perform the following functions

following PDU acceptance tests:

el {Antermediate System receives a level 2 LSP, then the IS shall discard the LSP.

SP was-received over a circuit whose externalDomain attribute is “True”, the IS shall discard th¢

On broadcast
ily cleared on

ute is “True”

11 be made to
wvior may be

hecked at the
bagate alarm

hecked at the
ared and an

included in a
bers PDU has
nt that a Link

PDU.

3)

4)

3)

6)

34

If a level 2 Intermediate System receives a level 1 LSP on a circuit with manualL20nlyMode set to “True”, then the
IS shall discard the LSP.

If the ID Length field of the PDU is not equal to the value of the IS’s routeingDomainIDLength, the PDU shall be
discarded and an iDFieldLengthMismatch event generated.

If this is a level 1 LSP, and the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s
maximumAreaAddresses then the PDU shall be discarded and a maximumAreaAddresses-Mismatch event
generated, unless the IS only implements a value of three for maximumArea-Addresses, in which case this check
may be omitted.

If the LSP is received on a broadcast circuit and the source subnetwork address of the LSP does not match the
neighbourSNPAAddress of an adjacency of the same level (e.g. a level 1 LSP with a level 1 adjacency) on the
circuit over which the LSP was received, then the IS shall discard the LSP without generating a event.
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If the LSP is received on a non-broadcast circuit and there is no adjacency of the same level (e.g. a level 1 LSP with a
level 1 or level 1 & 2 adjacency) on the circuit over which the LSP was received, then the IS shall discard the LSP
without generating a event.

7) Ifthis is a level 1 LSP, and the value of areaTransmitPassword or the set of areaReceive-Passwords is non-null,
then perform the following tests:

i. If the PDU does not contain the Authentication Information field then the PDU shall be discarded and an
authenticationFailure event generated.

ii. If the PDU contains the Authentication Information field, but the Authentication Type is not equal to
“Password”, then:

a. Ifthe IS implements the authentication procedure indicated by the Authentication Type whether the IS accepts
or ignores the PDU is outside the scope of this International Standard.

b. [If the IS does not implement the authentication procedure indicated by the Authentication(Type [then the IS shall
ignore the PDU and generate an authenticationFailure event.”

iii. Otherwise, the IS shall compare the password in the received PDU with theUpasswords| in the set of
arpaReceivePasswords, augmented by the value of the areaTransmitPassword. If the value in the PDU
mgatches any of these passwords, the IS shall accept the PDU for further processing. If the value in the PDU does not
mgtch any of the above values, then the IS shall ignore the PDU and generatesan.authenticationFailure event.

8) If thip is a level 2 LSP, and the value of domain-TransmitPassword orhe, set of domainReceive-Passwords is
non-full, then perform the following tests:

i If| the PDU does not contain the Authentication InformationAield then the PDU shall be dscarded and an
alithenticationFailure event generated.

il. If] the PDU contains the Authentication Information{field, but the Authentication Type |s not equal to
“Rassword”, then:

a) |If the IS implements the authentication procedurg,indicated by the Authentication Type wheth¢r the IS accepts
or ignores the PDU is outside the scope of this\nternational Standard.

b) [Ifthe IS does not implement the authentication procedure indicated by the Authentication Type [then the IS shall
ignore the PDU and generate an authenticationFailure event.”

iii.  Otherwise, the IS shall compare ‘the’ password in the received PDU with the passwords| in the set of

domainReceivePasswords, augmented by the value of the domainTransmitPassword. If the vplue in the PDU
htches any of these passwords, the IS shall accept the PDU for further processing. If the value in the PDU does

nqt match any of the above values, then the IS shall ignore the PDU and generate an authenticationFailure event.

.evel 2 LSP and
Mismatch alarm
present and the
| 2 LSP and the
local value of
ted. The PDU

If the source S of the LSP is an IS or pseudonode for which all but the last octet are equal to the systemID of the receiving
Intermediate System, and the receiving Intermediate System does not have that LSP in its database, or has that LSP, but no
longer considers it to be in the set of LSPs generated by this system (e.g. it was generated by a previous incarnation of the
system), then initiate a network wide purge of that LSP as described in 7.3.16.4.

If the source S of the LSP is a system (pseudonode or otherwise) for which the first ID Length octets are equal to the
systemID of the receiving Intermediate system, and the receiving Intermediate system has an LSP in the set of currently
generated LSPs from that source in its database (i.e. it is an LSP generated by this Intermediate system), perform the
actions described in 7.3.16.1.

Otherwise, (the source S is some other system),

1) Ifthe LSP is newer than the one in the database, or if an LSP from that source does not yet exist in the database:
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received LSP.

ii.

iil.

Set SRMflag for that LSP for all circuits other than C.

Clear SRMflag for C.

If C is a non-broadcast circuit, set SSNflag for that LSP for C.

Clear SSNflag for that LSP for the circuits associated with a linkage other than C.

zero, same checksums):

Clear SRMflag for C.

Store the new LSP in the database, overwriting the existing database LSP for that source (if any) with the

If the LSP is equal to the one in the database (same Sequence Number, Remaining Lifetimes both zero or both non-

iv.
V.
2)
i.
ii.
3) Ifthe L

i.

il.
When storing a
LSP and gener

resources are ng
this reason the |

When attemptin
that of the exist
single atomic a
overloaded IS)

7.3.15.2 Actidn on receipt of a sequence numbers PDU

When a Sequen
functions:

a) Perform thg
1) Ifthe SN
2) Ifalevel

3) Ifalevel
shall disc

If circuit C i
i

il.

f C is a non-broadcast circuit, set SSNflag for that LSP for C.
SP is older than the one in the database:

Bet SRMflag for C.

Clear SSNflag for C.

new LSP, the Intermediate system shall first ensure that it has sufficient niemory resources to |
ite whatever internal data structures will be required to process the LSP,by the Update Pro
t available the LSP shall be ignored. It shall neither be stored nor ackfiowledged. When an LSP
S shall enter the “Waiting State” (See 7.3.19).

o to store a new version of an existing LSP (with the same LSPID), which has a length less thg
ng LSP, the existing LSP shall be removed from the routeinig information base and the new LS
tion. This ensures that such an LSP (which may be carfying the LSP Database Overload indic
ill never be ignored as a result of a lack of memory resources.

te Numbers PDU (Complete or Partial, seevA3.17) is received on circuit C the IS shall perform

following PDU acceptance tests:
P was received over a circuit whose externalDomain attribute is “True”, the IS shall discard the ]
1 Intermediate System receives a level 2 SNP, then the IS shall discard the SNP.

2 Intermediate System.reeeives a level 1 SNP on a circuit with manualL20nlyMode set to “Trug
ard the SNP.

a broadcast cir¢uitand either

his is a level(I"PSNP and this IS is not the level 1 designated IS for the circuit C, or
his is.atlevel 2 PSNP and this IS is not the level 2 designated IS for the circuit C, then
1l discard the PDU.

both store the
tess. If these
s ignored for

n or equal to
P stored as a
aition from an

the following

DU.

” then the IS

discarded and an iDFieldLengthMismatch event generated.

If the ID Length field of the PDU is not equal to the value of the IS’s routeingDomainlDLength, the PDU shall be

If this is a level 1 SNP, and the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s

maximumAreaAddresses then the PDU shall be discarded and a maximumAreaAddresses-Mismatch event
generated, unless the IS only implements a value of three for maximumArea-Addresses, in which case this check may

If the SNP is received on a broadcast circuit and the source subnetwork address of the SNP does not match the

neighborSNPAAddress of an adjacency of the same level (e.g. a level 1 SNP with a level 1 adjacency) on the circuit
over which the SNP was received, then the IS shall discard the SNP without generating a event.

If the SNP is received on a non-broadcast circuit and there is no adjacency of the same level (e.g. a level 1 SNP with a
level 1 or level 1 & 2 adjacency) on the circuit over which the SNP was received, then the IS shall discard the SNP
without generating a event.

the IS sh4
4)
5)
be omitted.
6)
36
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7) If this is a level 1 SNP and the value of area-TransmitPassword or the set of areaReceive-Passwords is non-null,
then perform the following tests:

8)

i.

ii.

iil.

If

If the PDU does not contain the Authentication Information field then the PDU shall be discarded and an
authenticationFailure event generated.

If the PDU contains the Authentication Information field, but the Authentication Type is not equal to
“Password”, then:

a) If the IS implements the authentication procedure indicated by the Authentication Type whether the IS accepts

or ignores the PDU is outside the scope of this International Standard.

b) Ifthe IS does not implement the authentication procedure indicated by the Authentication Type then the IS shall

ignore the PDU and generate an authenticationFailure event.

O

m
ng

this

non-ny

il.

iii.

If]

If]

“P

b)

(0]

mj
et

b) For each|

1)

2)
3)
4)

5)

Detg
perf

If th
If th

If th
SR

If n
field

herwise, the IS shall compare the password in the received PDU with the passwords|

arleaReceivePasswords, augmented by the value of the areaTransmitPassword. If the-va

htches any of these passwords, the IS shall accept the PDU for further processing. If the value i
t match any of the above values, then the IS shall ignore the PDU and generate an authenticatior

11, then perform the following tests:

the PDU does not contain the Authentication Information field thefi“the PDU shall be d

alithenticationFailure event generated.

the PDU contains the Authentication Information field, but\the Authentication Type
assword”, then:

If the IS implements the authentication procedure indicated\by the Authentication Type wheth
or ignores the PDU is outside the scope of this Internatignal*Standard.

[f the IS does not implement the authentication progedure indicated by the Authentication Type
ignore the PDU and generate an authenticationFailure event.

herwise, the IS shall compare the password in the received PDU with the passwords

demainReceivePasswords, augmented by:thie value of the domainTransmitPassword. If the v|

htches any of these passwords, the IS shall accept the PDU for further processing. If the value i
t match any of the above values, then-the IS shall ignore the PDU and generate an authenticatior

LSP reported in the Sequence Numbers PDU:

rmine if the LSP entry in the received SNP describes an LSP which is newer than a correspondin
brming the operations specified in 7.3.16.2 and 7.3.16.3.

e reported value equals the database value and C is a non-broadcast circuit, Clear SRMflag for C
e reported value.istolder than the database value, Clear SSNflag, and Set SRMflag.

e reported<value is newer than the database value, Set SSNflag, and if C is a non-broadc
Nflag.

database entry exists for the LSP, and the reported Remaining Lifetime, Checksum and Seq
s'of the LSP are all non-zero, create an entry with sequence number 0 (see 7.3.16.1), and set §

in the set of
ue in the PDU
n the PDU does
-Failure event.

is a level 2 SNP, and the value of domain-TransmitPassword or the set of domainReceive-Passwords is

scarded and an

s not equal to

er the IS accepts

then the IS shall

in the set of
alue in the PDU
n the PDU does
-Failure event.

g stored LSP by

for that LSP

ist circuit Clear

uence Number
SNflag for that

entry and circuit C. Under no circumstances shall SRIVITIag be set 1or such an LSF with zero sequence number.

NOTE 32 This is because possessing a zero sequence number LSP is semantically equivalent to having no information about that LSP. If
such LSPs were propagated by setting SRMflag it would result in an unnecessary consumption of both bandwidth and memory resources.

¢) If the Sequence Numbers PDU is a Complete Sequence Numbers PDU, Set SRMflags for C for all LSPs in the database
(except those with zero sequence number or zero Remaining Lifetime) with LSPIDs within the range specified for the
CSNP by the Start LSPID and End LSPID fields, which were not mentioned in the Complete Sequence Numbers PDU
(i.e. LSPs this system has, which the neighbour does not claim to have).

7.3.15.3 Action on expiration of complete SNP interval

The IS shall perform the following actions every CompleteSNPInterval for circuit C:

a) If Cis a broadcast circuit, then
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NOTE 33 AnlIS
back”), provided
period.

b) Otherwise

7.3.15.4 Actign on expiration of partial SNP interval

The maximum
originatingL1L
following actior]

a)

1) If this Intermediate system is a Level 1 Designated Intermediate System on circuit C, transmit a complete set of Level 1
Complete Sequence Numbers PDUs on circuit C. Ignore the setting of SSNflag on Level 1 Link State PDUs.

If the value of the IS’s areaTransmitPassword is non-null, then the IS shall include the Authentication Information

field in

the transmitted CSNP, indicating an Authentication Type of ‘“Password” and co

areaTransmitPassword as the authentication value.

2)

ntaining the

If this Intermediate system is a Level 2 Designated Intermediate System on circuit C, transmit a complete set of Level 2

Complete Sequence Numbers PDUs on circuit C. Ignore the setting of SSNflag on Level 2 Link State PDUs.

If the value of the IS’s domainTransmitPassword is non-null, then the IS shall include the Authentication Information

field in

the transmitted CSNP, indicating an Authentication Type of “Password” and co

domainTransmitPassword as the authentication value.

ntaining the

A complet
LSPIDs. (i
Where md
minimum§

transmitted

If C is a brg

1) If this
manuall
Partial Sq
as will fi
LSP datal

scan. If there were no Level 1 Link State:PDUs with SSNflag set, do not transmit a Level 1 Partial Sequg

PDU.

If the val
field in

areaTrapsmitPassword.asthe authentication value.

If this In
circuit C||
State PD]

2)

e set of CSNPs is a set whose Start LSPID and End LSPID ranges cover the complete pess
e. there is no possible LSPID value which does not appear within the range of one of the CSN
re than one CSNP is transmitted on a broadcast circuit, they shall be separated by an‘interv
Broadcast-LSPTransmissionInterval.

is permitted to transmit a small number of CSNPs (no more than 10) with a shorter separation interval, (o

C is a point-to-point circuit, including non-DA DED circuits and virtualNinks), do nothing. CS
on point-to-point circuits at initialisation.

5PBufferSize or originatingL2LSPBufferSize respectively. An Intermediate system shall
s every partialSNPInterval for circuit C with jitterapplied as described in 10.1:

adcast circuit, then
[ntermediate system is a Level | Intetmediate System or a Level 2 Intermediate
quence Numbers PDU on circuit C, containing entries for as many Level 1 Link State PDUs with

in the PDU, and then clear SSNflag for these entries. To avoid the possibility of starvation, th
base for those with SSNflag set shall commence with the next LSP which was not included in

he of the IS’s areaTransmitPassword is non-null, then the IS shall include the Authentication
the transmitted~ PSNP, indicating an Authentication Type of ‘“Password” and co

ermediate System is a Level 2 Intermediate System, but is not a Level 2 Designated Intermedid
transmit'a_Level 2 Partial Sequence Numbers PDU on circuit C, containing entries for as many

of starvaf]

included bnth
Partial Sequence Numbers PDU.

ible range of
Ps in the set).
al of at least

even “back to

that no more than 7000 / minimumBroadcast-LSPTransmissioninterval CSNPs afe ‘transmitted in apy one second

INPs are only

sized Level 1 or Level 2 PSNP which may be generated by a system is controlled by the values of

perform the

System with

20nlyMode “False”, but is not a Level'd Designated Intermediate System on circuit C, transmit a Level 1

SSNflag set
e scan of the
the previous
nce Numbers

Information
ntaining the

te System on
Level 2 Link

Js with"SSNflag set as will fit in the PDU, and then clear SSNflag for these entries. To avoid the possibility

vhich was not

onthe scan of the LSP database for those with SSNfIag set shall commence with the next LSP

asiit a Level 2

b)
)
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If the value of the IS’s domainTransmitPassword is non-null, then the IS shall include the Authentication
Information field in the transmitted PSNP, indicating an Authentication Type of ‘“Password” and containing the
domainTransmitPassword as the authentication value.

Otherwise (C is a point-to-point circuit, including non-DA DED circuits and virtual links)

If this system is a Level 1 Intermediate system, transmit a Level 1 Partial Sequence Numbers PDU on circuit C,
containing entries for as many Level 1 Link State PDUs with SSNflag set as will fit in the PDU, and then clear
SSNflag for these entries. To avoid the possibility of starvation, the scan of the LSP database for those with SSNflag
set shall commence with the next LSP which was not included in the previous scan. If there were no Level 1 Link State
PDUs with SSNflag set, do not transmit a Partial Sequence Numbers PDU.
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If the value of the IS’s areaTransmitPassword is non-null, then the IS shall include the Authentication Information
field in the transmitted PSNP, indicating an Authentication Type of ‘“Password” and containing the
areaTransmitPassword as the authentication value.

If this system is a Level 2 Intermediate system, transmit a Level 2 Partial Sequence Numbers PDU on circuit C,
containing entries for as many Level 2 Link State PDUs with SSNflag set as will fit in the PDU, and then clear
SSNflag for these entries. To avoid the possibility of starvation, the scan of the LSP data base for those with SSNflag
set shall commence with the next LSP which was not included in the previous scan. If there were no Level 2 Link State
PDUs with SSNflag set, do not transmit a Partial Sequence Numbers PDU.

If the value of the IS’s domainTransmitPassword is non-null, then the IS shall include the Authentication
Information field in the transmitted PSNP, indicating an Authentication Type of ‘“Password” and containing the

domainTransmitPassword as the authentication value.

7.3.15.5 A(Ition on expiration of the minimumLSPTransmissionInterval

An IS shall p

For all p

brform the following action every minimumLSPTransmissionlnterval with jitter applied'ds des

pbint-to-point circuits C (including non-DA DED circuits and virtual links) transmit-al LSPs thal

set on cifcuit C, but do not clear the SRMflag. The SRMflag will subsequently be cleared by receipt d

Partial S

The interval

equence Numbers PDU.

between two consecutive transmissions of the same LSP shall be at leastminimumLSPTransr

Clearly, this
Any techniq

an only be achieved precisely by keeping a separate timer for each LSP.)This would be an unwar
e which ensures the interval will be between minimumLSPTranSmissioninterval and 2 x

Transmissigninterval is acceptable.

7.3.15.6 Confrolling the rate of transmission on broadcast circuits

The attribute
can be proceg

Setting SRM
Intermediate
described in

LSP shall be nj

NOTE 34 In
set. Implement

NOTE 35 An
back”), provid

minimumBroadcastLSPTransmissionlnterval indicates the minimum interval between PDU
sed by the slowest Intermediate System on the LAN.

flags on an LSP for a broadcast circuit dogs not cause the LSP to be transmitted immediaf
system shall scan the LSP database every minimumBroadcastLSPTransmissioninterval (with
0.1), and from the set of LSPs which haw¢-SRMflags set for this circuit, one LSP shall be chosen|
ulticast on the circuit, and SRMflags cleared.

practice it would be very inefficient-to-scan the whole database at this rate, particularly when only a few L
tions may require additional datastructures in order to reduce this overhead.

ribed in 10.1:

have SRMflag
f a Complete or

hissionInterval.
ranted overhead.
minimumLSP-

J arrivals which

cly. Instead the
jitter applied as
at random. This

Ps had SRMflags

IS is permitted to transmit a small number of LSPs (no more than 10) with a shorter separation interval,

In addition, the presence of anyLSPs which have been received on a particular circuit and are queued aw

shall inhibit
in the presen

7.3.16 Det

ransmission of-ILSPs on that circuit. However, LSPs may be transmitted at a minimum rate of one
e of such a’queue.

rmining the latest information

(or even “back to

bd that no more than /000/4minimumBroadcastLSPTransmissionInterval LSPs are transmitted in any one Jsecond period.

iting processing
per second even

The Update

Process 1s responsible for determining, given a received link state PDU, whether that received

new, old, or duplicate information with respect to what is stored in the database.

PDU represents

It is also responsible for generating the information upon which this determination is based, for assigning a sequence number
to its own Link State PDUs upon generation, and for correctly adjusting the Remaining Lifetime field upon broadcast of a
link state PDU generated originally by any system in the domain.

7.3.16.1 Sequence numbers

The sequence number is a 4 octet unsigned value. Sequence numbers shall increase from zero to (SequenceModulus - 1).

When a syste

m initialises, it shall start with sequence number one for its own Link State PDUs."

D' The IS starts with 1 rather than 0 so that the value 0 can be reserved to be guaranteed to be less then the sequence number of any actually
generated Link State PDU. This is a useful property for Sequence Numbers PDUs.
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The sequence numbers the Intermediate system generates for its Link State PDUs with different values for LSP number are
independent. The algorithm for choosing the numbers is the same, but operationally the numbers will not be synchronised.

If an Intermediate system R somewhere in the domain has information that the current sequence number for source S is greater
than that held by S, R will return to S a Link State PDU for S with R's value for the sequence number. When S receives this
LSP it shall change its sequence number to be the next number greater than the new one received, and shall generate a link

state PDU.

If an Intermediate system needs to increment its sequence number, but the sequence number is already equal to
SequenceModulus - 1, the event attemptToExceedMaxi-mumSequenceNumber shall be generated and the IS Network
entity shall be disabled for a period of at least MaxAge + ZeroAgeLifetime, in order to be sure that any versions of this LSP
with the high sequence number have expired. When it is re-enabled the IS shall start again with sequence number 1.

7.3.16.2 LSP

It is possible for
number as the ¢

To ensure datah
efficiently by c
stored in memof

If the sequence
system, then thg
one of the copie

If the LSP is in
the next number

7.3.16.3 Rem:
When the sourc
When a system

decrement the R
system shall deq

tonfusion

an LSP generated by a system in a previous incarnation to be alive in the domain and have’the s
hrrent LSP.

ase consistency among the Intermediate Systems, it is essential to distinguish ‘two such PDUs.
mparing the checksum in a received LSP or an LSP entry in a received SNP with the checksu:

Y.

humbers match, but the checksums do not and the LSP is not in thé-current set of LSPs generate
system that notices the mismatch shall treat the LSP as if its Remaining Lifetime had expired.
5 of the LSP, with zero written as the Remaining Lifetime, and fleod the LSP

he current set of LSPs generated by the local system then/the IS shall change the LSP's sequence
greater than that of the received LSP and regenerate the. LSP.

vining lifetime field
b generates a link state PDU, it shall set the-Re-maining Lifetime to MaxAge.
holds the information for some time before successfully transmitting it to a neighbour, that

emaining Lifetime field accordingto the holding time. Before transmitting a link state PDU to 4
rrement the Remaining Lifetimé in the PDU being transmitted by at least one, or more than ond

time to that nefghbour is estimated to be @reater than one second. When the Remaining Lifetime field reac

system shall put
the purging of a

If the Remainin,
If the Remainin
database with t
recent. Otherwi

ge that Link State PDU from its database. In order to keep the Intermediate Systems’ databases
h LSP due to Remaining\Lifetime expiration is synchronised by flooding an expired LSP. See 7.3

b Lifetime in a received LSP or in an LSP entry in an SNP is zero it shall be processed as describg
o Lifetime inta‘received LSP or in an LSP entry in a received SNP is non-zero, but there is 4
e same sequehce number and zero Remaining Lifetime, the LSP in the database shall be coj
e, the PDY with the larger sequence number shall be considered the most recent.

yme sequence

This is done
m of the LSP

1 by the local
It shall store

number to be

system shall
neighbour, a
if the transit
hes zero, the
synchronised,
16.4.

din7.3.16.4.

n LSP in the
1sidered most

n Crror.

If the value of Riemaining Lifetime is greater than MaxAge, the LSP shall be processed as if there were a checksu

7.3.16.4 LSP expiration synchronisation

When the Remaining Lifetime on an LSP in memory becomes zero, the IS shall

a)
b)

¢)

set all SRMflags for that LSP, and
retain only the LSP header.

LSP Remaining Lifetime became zero, the LSP header shall be purged from the database.

NOTE 36 A check of the checksum of a zero Remaining Lifetime LSP succeeds even though the data portion is not present.

When a purge of an LSP with non-zero Remaining Lifetime is initiated, the header shall be retained for MaxAge.

If an LSP from source S with zero Remaining Lifetime is received on circuit C :

40

record the time at which the Remaining Lifetime for this LSP became zero. When ZeroAgelL.ifetime has elapsed since the
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a) Ifno LSP from S is in memory, then the IS shall

1) send an acknowledgement of the LSP on circuit C, but

2) shall not retain the LSP after the acknowledgement has been sent.
b) Ifan LSP from S is in the database, then

1) 1If the received LSP is newer than the one in the data-base (i.e. received LSP has higher sequence number, or same
sequence number and database LSP has non-zero Remaining Lifetime) the IS shall:

i.  Store the new LSP in the database, overwriting the existing database LSP for that source (if any) with the received
LSP.

ii. Set SRMflag for that LSP for all circuits other then C.
iii. Clear the SRMflag for that LSP for C.
iv. If|C is a non-broadcast circuit, set SSNflag for that LSP for C.

v. clpar SSNflag for that LSP for all circuits associated with that linkage other than C.

2) If the received LSP is equal to the one in the database (i.e. same Sequence Number, ‘Remaining Lifefimes both zero)
the IS shall

i. clgar SRMflag for C, and
ii. if|C is a non-broadcast circuit, set SSNflag for that LSP for C
3) Ifthe received LSP is older than the one in the data-base (i.e. received<LSP has lower sequence numbgr) the IS shall
i. set SRMflag for C, and
ii. clgar SSNflag for C.
c) If this syptem (or pseudonode) is S and there is an un-expired-LSP from S (i.e. its own LSP) in memory, then the IS
1)  shall not overwrite with the received LSP, but
2) shall| change the sequence number of the unexpireéd LSP from S as described in 7.3.16.1,
3) gerlerate a new LSP; and

4) set{fSRMflag on all circuits.

7.3.17 Making the update reliable

The update pfocess is responsible-forimaking sure the latest link state PDUs reach every reachable Intermediate System in the
domain.

On point-to-point links thie~Intermediate system shall send an explicit acknowledgement encoded as a Rartial Sequence
Numbers PDJ (PSNP)-eontaining the following information:

a) source’s|[ID

b) PDU type (Level 1 or 2)
c) sequencq number

d) Remaining Lifetime

e) checksum

This shall be done for all received link state PDUs which are newer than the one in the database, or duplicates of the one in the
database. Link state PDUs which are older than that stored in the database are answered instead by a newer link state PDU, as
specified in 7.3.14 above.

On broadcast links, instead of explicit acknowledgements for each link state PDU by each Intermediate system, a special PDU
known as a Complete Sequence Numbers PDU (CSNP), shall be multicast periodically by the Designated Intermediate
System. The PDU shall contain a list of all LSPs in the database, together with enough information so that Intermediate
systems receiving the CSNP can compare with their LSP database to determine whether they and the CSNP transmitter have
synchronised LSP databases. The maximum sized Level 1 or Level 2 Sequence Numbers PDU which may be generated by a
system is controlled by the values of originatingL1LSPBufferSize or originatingL2-LSPBufferSize respectively. In
practice, the information required to be transmitted in a single CSNP may be greater than will fit in a single PDU. Therefore
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each CSNP carries an inclusive range of LSPIDs to which it refers. The complete set of information shall be conveyed by
transmitting a series of individual CSNPs, each referring to a subset of the complete range. The ranges of the complete set of
CSNPs shall be contiguous (though not necessarily transmitted in order) and shall cover the entire range of possible LSPIDs.

The LAN Level 1 Designated Intermediate System shall periodically multicast complete sets of Level 1 CSNPs to the multi-
destination address AlIL1ISs. The LAN Level 2 Designated Intermediate System shall periodically multicast complete sets of
Level 2 CSNPs to the multi-destination address AllL2ISs.

Absence of an LSPID from a Complete Sequence Numbers PDU whose range includes that LSPID indicates total lack of
information about that LSPID.

If an Intermediate system, upon receipt of a Complete Sequence Numbers PDU, detects that the transmitter was out of date, the

receiver shall m

NOTE 37 Recei
Intermediate systd

If an Intermedia

hlticast the missing information.

bt of a link state PDU on a link is the same as successfully transmitting the Link State PDU on that\link, s
m responds, no others will, unless they have already transmitted replies.

te system detects that the transmitter had more up to date information, the receivinglIntermediatg

multicast a Partjial Sequence Numbers PDU (PSNP), containing information about LSPs for which it has older

This serves as
Intermediate Sy
PSNP.

an implicit request for the missing information. Although the PSNP ,i§ multicast, only th|
stem of the appropriate level shall respond to the

NOTE 38 This {s equivalent to the PSNP being transmitted directly to the Designdted* Intermediate System, in that

Intermediate Syst]
routeing message
address.

When a point-to
a) set SRMfla

b) send a Com

em unnecessarily sending the same LSP(s) in response. However, it has the advantage of preserving the pf

5 can be received on the multi-destination addresses, and hence by a LAN adapter dedicated to the m|

-point circuit (including non-DA DED circuits and yirtual links) starts (or restarts), the IS shall
g for that circuit on all LSPs, and

plete set of Complete Sequence Numbers PRUs on that circuit.

7.3.18 Validgtion of databases

An Intermediatg
therefore operat
the failure is ¢
following at lea:

a)

On expirati
Remaining

System shall not continue to<operate for an extended period with corrupted routeing information|
e in a fail-stop manner. If a\failure is detected, the Intermediate system Network entity shall be

rrected. In the absence of an implementation-specific method for ensuring this, the IS shal
t every maximumLSRGenerationinterval:

pn of this timer the) IS shall re-check the checksum of every LSP in the LSP database (except
Lifetime of zero) in order to detect corruption of the LSP while in memory. If the checksum (¢

incorrect, the event corruptedLSPDetected shall be logged, and as a minimum the entire Link State Dats

deleted and|
entity.

action taken to cause it to be re-acquired. One way to achieve this is to disable and re-enable th|

NOTE 39 Onpo

b once the first

system shall
information.
e Designated

it avoids each
foperty that all
ulti-destination

The IS shall
disabled until
perform the

those with a
f any LSP is
base shall be
e IS Network

int-to“point links, this requires at least that a CSNP be transmitted

b)

On completion of these checks the decision process shall be notified of an event (even if any newly generated LSPs have

identical contents to the previous ones). This causes the decision process to be run and the forwarding databases re-
computed, thus protecting against possible corruption of the forwarding databases in memory, which would not otherwise

be detected
c)

7.3.19 LSPd

in a stable topology.

atabase overload

The IS shall reset the timer for a period of maximum-LSPGenerationInterval with jitter applied as described in 10.1.

As a result of network mis-configuration, or certain transitory conditions, it is possible that there may be insufficient memory
resources available to store a received Link State PDU. When this occurs, an IS needs to take certain steps to ensure that if its
LSP database becomes inconsistent with the other ISs’, that these ISs do not rely on forwarding paths through the over loaded
IS.
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7.3.19.1 Entering the waiting state

When an LSP cannot be stored, the LSP shall be ignored and Waiting State shall be entered. A timer shall be started for
waitingTime, and the Intermediate System shall generate and flood its own LSP with zero LSP number with the LSP Data-
base Overload Bit set. This prevents this Intermediate system from being considered as a forwarding path by other
Intermediate Systems.

It is possible that although there are sufficient resources to store an LSP and permit the operation of the Update Process on that
LSP, the Decision Process may subsequently require further resources in order to complete. If these resources are not available,
the Intermediate system shall then (i.e. during the attempt to run the Decision Process) enter Waiting State until such time as
they are available and waitingTime have elapsed since the last LSP was ignored by the Update Process.

An implemeiftation shalt partition the available Memory Tesources between e Level 1 and Level 2 databages. An overload
condition car] therefore exist independently for Level 1 or Level 2 (or both). The status attributes |1State and/|2State indicate
the condition|for the Level 1 and Level 2 databases respectively. On entering Level 1 “Waiting State” the)IS shall generate the
ISPL1DatabaseOverload event, and on entering Level 2 “Waiting State” the IS shall generate the ISPL2Data-
baseOverlogd event.

7.3.19.2 Adtions in level 1 waiting state

While in Levgl 1 “waiting” state

a) Ifa Link|{State PDU cannot be stored, the IS shall ignore it and restart the timer\for waitingTime.
b) The IS shall continue to run the Decision and Forwarding processes as nofmal.

¢) When thg waitingTime timer expires, the IS shall:

1) Genkrate an ISPL1DatabaseOverload (recovered) event.

2) Cledr the LSP Database Overload bit in its own Level INLSP with zero LSP number and re-issue it.
3) Set the I1State to “On”.

4) Resyime normal operation.

7.3.19.3 Agtions in level 2 waiting state

While in Levgl 2 “waiting” state

a) Ifa Link|State PDU cannot be stored, the"IS-shall ignore it and restart the timer for waitingTime seconds.
b) The IS shall continue to run the Decisign and Forwarding processes as normal.

¢) When thg waitingTime timer expires, the IS shall:

1) Genkrate an ISPL2DatabaseOverload (recovered) event.

2) Cledr the LSP Database Overload bit in its own Level 2 LSP with zero LSP number and re-issue it.
3) Set the I2State to™“On”.

4) Resfime normakoperation.

7.3.20 Use|ofthe'link state database

The only porfion of the database relevant to the Decision Process 1s the data portion of the Link State PDUs. The Update
Process additionally uses the fields Sequence Number, Remaining Lifetime, and variable SRMflag. The Remaining
Lifetimes in the stored link state PDUs can either be periodically decremented, or converted upon receipt into an internal
timestamp, and converted back into a Remaining Lifetime upon transmission.

7.3.20.1 Synchronisation with the decision process

Since the Update process and the Decision process share the link state database, care must be taken that the Update process
does not modify the link state database while the Decision process is running.

There are two approaches to this. In one approach, the Decision process signals when it is running. During this time, the
Update process queues incoming Link State PDUs, and does not write them into the link state database. If more Link State
PDUs arrive than can fit into the queue allotted while the Decision process is running, the Update process drops them and does
not acknowledge them.
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Another approach is to have two copies of the link state database — one in which the Decision process is computing, and the
other in which the Update process initially copies over the first database, and in which all new Link State PDUs are written.
Additionally, depending on the hashing scheme, it is likely that a second copy of the address hash table will be required, so that
the Update process can do a rehash occasionally for efficiency.

When the Decision process is ready to run again, it locks the new copy of the link state database, leaving the Update process to
copy over the information into the first area, and write new updates while the Decision process runs again The advantage of the
first approach is that it takes less memory. The advantage of the second approach is that Link State PDUs will never need to be
dropped.

NOTE 40 If the decision process is implemented according to the specification in C.2, a finer level of parallelism is possible, as described

below.

Arrival of a Lin
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has been put int|
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NOTE 41 The fi
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7.3.21 Paranjeters
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ZeroAgelLifetinie — This-is the minimum amount of time for which the header of an expired LSP shall be retain

been floog
required i

k State PDU for a system before that system has been put into TENT is permitted. The new bink
bystem is eventually put into TENT. Similarly, arrival of a new Link State PDU for a systém aft
b PATHS is permitted. That system has already been completely processed. The arrival-of’the ng
d the decision process re-executed when the current execution has completed. An inspregress ex
shall not be abandoned, since this could prevent the decision process from ever completing.

k State PDU for a system between that system being put on TENT and béing transferred to PA

f buffers and link bandwidth

shall have a buffer management strategy that does not prevént other clients of the buffering
5 due to excessive use by the Update Process. They shall alsgensure that the Update Process does
bandwidth of links. In particular no type of traffic should experience starvation for longer than its
ble latencies are approximately as follows:

— Hello timer x 0,5
—10s.

rst of these requirements can be met by restricting the Update process to the use of a single buffer on ¢
may also cause the second requirement to be'met, depending on the processor speed.

is the amount of time that.may elapse since the estimated origination of the stored Link State
fore the LSP is considered expired. The expired LSP can be deleted from the database a
ifetime has expired-MaxAge shall be larger than maximumLSPGenerationinterval, so that a
rely because of lack of events for reporting Link State PDUs.

5 an architectural‘constant equal to 20 min.

ed with zero Remaining Lifetime. A very safe value for this would be 2 x MaxAge. Howey
that the header be retained until the zero Remaining Lifetime LSP has been safely propaga

ilent to one of the previous two cases (for example, by buffering, or taking'Some corrective action).
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br that system
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rer all that is
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ZeroAgelifetime is an architectural constant with a value of 1 min.

maximumLSPGenerationinterval — This is the maximum amount of time allowed to elapse between generation of Link State
PDUs by a source. It shall be less than MaxAge.

Setting this parameter too fast adds overhead to the algorithms (a lot of Link State PDUs). Setting this pa-rameter too
slow (and not violating constraints) causes the algorithm to wait a long time to recover in the unlikely event that incorrect

Link State

information exists somewhere in the domain about the system.

A reasonable setting is 15 min.

minimumLSPGenerationinterval — This is the minimum time interval between generation of Link State PDUs. A source
Intermediate system shall wait at least this long before re-generating one of its own Link State PDUs.
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Setting the interval too slow causes a delay in reporting new information. Setting the interval too fast allows too much

overhead.

A reasonable setting is 30 s.

minimumLSPTransmissioninterval — This is the amount of time an Intermediate system shall wait before further

partialSNPInferval — This is the amount of time between periodic actiofi for transmission of Partial Sequencg

The Forwarding process is responsible both' for transmitting NPDUs originated by this system, and for fory
originated by|other systems

7.4.1 Inppt and output

INPUT

propagating another Link State PDU from the same source system.

Setting the interval too slow causes a delay in propagation of routeing information and stabilisation
algorithm. Setting the interval too fast allows the possibility that the routeing algorithm, under
circumstances, will use too many resources (CPU and bandwidth).

of the routeing
low probability

Setting m|n|mumLSPTransmlssmnIntervaI greater than m|n|mumLSPGeneratlonInterval makes no sense, because

oadcast. Setting
cover from lost

quence Number
hvergence of the

routeing algorithm when Link State PDUs are lost due to the datagram environment of the Data Link layer on the

broadcqst link.
Setting [the interval too fast results in extra control traffic overhead.

A reasonable value is 10 s.

It shall pe less than minimumLSPTransmission-Interval.

Settlng the interval too slow delays convergence of the routelng algorlthm when Link State PDUs arg

NPDUs from the JSO 8473 protocol machine
PDUs fr¢m Update Process

Number PDUs.

lost due to the
ra control traffic

warding NPDUs

PDUs fram*Receive Process

Forwarding Databases (Level 1 and 2) — one for each routeing metric

OUTPUT

PDUs to Data Link Layer

7.4.2 Routeing metric selection

The Forwarding process selects a forwarding database for each NPDU to be relayed based on:

the level at which the forwarding is to occur: level 1 or level 2; and

a mapping of the ISO 8473 QoS Maintenance field onto one of the Intermediate system’s supported routeing metrics.

The former selection is made by examining the Destination Address field of the NPDU. The latter selection is made as follows:
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a)

b)

7.4.3 Forwarding decision

7.4.3.1 Basiq operation

If the QoS Maintenance field is not present in the NPDU, then the IS shall select the forwarding database calculated for
the default metric.

If the QoS Maintenance field is present, the IS shall examine bits 8 and 7 of the parameter value octet (QoS format code ).
If the QoS format code represents any other than “00” ( meaning globally unique with strong forwarding ) and “11” (
meaning globally unique with weak forwarding ), then the IS shall select the forwarding database calculated for the default
metric, otherwise

The IS shall select a forwarding database by mapping the values of bit 3, 2 and 1 of the parameter value shown in Table 1
and shall proceed as follows;

1) Ifthe QoS format code represents “00”, the IS shall forward based on the slected optional metric.
2) Ifthe QoS format code represents “11”, the IS shall proceed as follows;

i.  Ifthe IS does not support the selected routing metric, the IS shall forward based on the default metric;

ii. If the forwarding database for one of the optional routing metrics is selected and the database either does not
coptain an entity for the Destination Address in the NPDU being relayed, or contains an¢ntry indidating that the
deptination is unreachable using that metric, then the IS shall attempt to forward based-upon the default metric;

iii. Otherwise, forward based on the selected optional metric.

Table 1 — QoS Maintenance bits to routeing metric mappings

—
-
o

it 2 it3 | Selected Routeing Metri¢
expense metric
default metric

b
0
0
1 default metric
0
1
0
1
1

expense metrie
delay metric
error metric
delay,metric
errgrmetric

[ e k=R k=1 k=0 o K=l | -

b
0
0
1
1
0
1
0
1

Let DEST = th¢ Network Layer destination address of the PDU to be forwarded, or the next entry in the source fouteing field,

if present. It corsists of sub-fields Area Address, ID, and SEL.

NOTE 42 The SEL field in the destinatien;address is not examined by Intermediate Systems. It is used by End Systems to s¢lect the proper

Transport entity t¢ which to deliver NSDUs.

This system’s (the one examining this PDU for proper forwarding decision) address consists of sub-fields area address and ID.

a)

b)

46

If the local|system type is a level 1 Intermediate system, or the local system type is a level 2 Intermediate system and
AttachedF|agy = False, then:

1) If the Area/Address in the PDU to be forwarded matches any one of the area addresses of this IS, th¢n consult the
level 1 Torwarding dafabase to defermine the adjacency which is the next hop on the path to the NPDU s destination.
Forward the NPDU on this adjacency.

2) Otherwise, consult the level 1 forwarding database to determine the adjacency which is the next hop on the path to the
nearest level 2 IS in the area, and forward the NPDU on this adjacency.

If the local system type is of iSType “L2 Intermediate System” and AttachedFlag, is “True” (where k means the metric
selected based on the above procedure) then:

1) Ifthe Area Address of the DEST matches any one of the area addresses of this area,

i. If this PDU is a Data PDU of which both SEL fields contain the IntradomainRouteingSelector value and k
means default metric (i.e., this PDU was encapsulated by a Designated partition level 2 IS), consult the level 2
Forwarding database to determine the next hop level 2 IS on the path to the partition Designated level 2 IS.
Forward the NPDU on this adjacency
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NOTE: A level 2 route shall be preferred over a level 1 route that traverses a virtual link.

il.

2)

Otherwise, consult the level 1 forwarding database to determine the adjacency which is the next
to the NPDU’s destination. Forward the NPDU on this adjacency.

hop on the path

If the Area Address of the DEST does not match any area address of this area, consult the level 2 forwarding database

to determine the adjacency which is the next hop on the path to the destination area, and forward the NPDU on this
adjacency. In case of multiple matching address prefixes, the path with the longest prefix shall be chosen.

7.4.3.2

Encapsulation for partition repair

If this Intermediate system is the Partition Designated Level 2 IS for this partition, and the PDU is being forwarded onto the
special adjacency to a Partition Designated Level 2 Intermediate system in a different partition of this area, encapsulate the

complete P
address and
Adjacency m
indicate forw

7.4.3.3 below.

7.433 Th

Choose eithe
that database
the area, cho

If there are n
chosen. An
fashion.

If there is no
local Transpq
(or in “round

NOTE 43 Si
forwarding d:

NOTE 44 Th

7434  Gg

In addition tq

PDU is being
the NPDU w

7.4.4 Req

The Receive

as the data field of a data .., with an additional layer ol hieader), making tnis sy
he other Partition Designated Level 2 Intermediate system (obtained from the identifier attriby
anaged object) the Destination Address field in the outer PDU header. Set the header of th
arding via the default routeing metric [see 7.2.10.4, item d)]. Then forward the encapsulated PDU

e procedure forward

F the level 1 or level 2 forwarding database, depending on the destination‘Network Address in th
select the adjacency for the next hop to that destination. If forwarding-at level 1 for a destinatio
se the adjacency for the nearest Level 2 IS computed as described i0.%,2.9.1.

hultiple possible adjacencies, as a result of multiple minimum ¢ost paths, then one of those adja
mplementation may choose the adjacency at random, or~thay use the possible adjacencies i

entry in the selected forwarding database for the destination Network Address, and the NPDU ori
rt entity and the system has one or more Intermediate System adjacencies, then one of those is ¢
robin” fashion). Otherwise the procedure returns the value “False”."

ice the local adjacency database is pre:léaded into the decision process, there will always be
htabase for destinations to which an adjacency exists.

e PDU to be forwarded may require fragmentation, depending on which circuit it is to be forward

nerating redirect PDUs

forwarding an NPDU,\the IS shall inform the local ISO 9542 protocol machine to generate a Red
forwarded onto the same circuit from which it came, and if the source SNPA address of the NPT
hs received from.an End System.

eive process

process'is passed information from any of the following sources.

btem the Source
e of the Virtual
e outer PDU to
J as described in

e NPDU. From
n which is not in

cencies shall be
h “round robin”

pinated from the
hosen at random

an entry in the

ed over.

irect PDU if the
U indicates that

received

PDUs with the NLPID of IntraDomain-Rol |fningl3n’

configuration information from the ISO 9542 protocol machine,

ISO 8473 data PDUs handed to the routeing function by the ISO 8473 protocol machine.

When an area is partitioned, a level 2 path is used as a level 1 link to repair the partitioned area. When this occurs, all PDUs
(between the neighbours which must utilise a multi-hop path for communication) shall be encapsulated in a data NPDU,
addressed to the IntraDomainRouteingSelector. Control traffic (LSPs, Sequence Numbers PDUs) shall also be encapsulated,
as well as data NPDUs that are to be passed between the “neighbours”.

D" This is done so that a system in the overloaded state will still be able to originate or forward NPDUs. If a system with a partial routeing

information base were prohibited from attempting to forward to an unknown destination, system management would be unable to either
communicate with this system, or route through it, for the purpose of diagnosing and/or correcting the underlying fault.
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NOTE 45 It is not necessary to transmit encapsulated IIH PDUs over a virtual link, since virtual adjacencies are established and monitored
by the operation of the Decision Process and not the Subnetwork Dependent functions.

7.4.4.1

Basic operation

The Receive Process shall perform the following functions on each received PDU:

7.4.4.2

If an ISO 847
IntraDomainRd

7.5 Routeipg constants and parameters

The architectura

The routeing pa

48

If it is a Link State PDU, pass it to the Update Process

If it is a Sequence Numbers PDU, pass it to the Update Process

If it is an ITH PDU, pass it to the appropriate Subnetwork Dependent Function

If it is a data NPDU or Error Report for another destination, pass it to the Forwarding Process

Otherwise,

Deca

decapsulate]

If the decap
to the ISO §

Otherwise,
o Ifitis
e Otherw
If an ISO

IntradomaifjRouteingSelector, then the IS shall notify this eventite’ System Management and discard this PDU.

gnore the PDU

psulation

3 data NPDU, addressed to this system, is received, and the SEL field of “thé address|
uteingSelector, then the IS shall
the NPDU (remove the outer NPDU header).

sulated PDU is an ISO 8473 NPDU, move the “congestion” indications tg\the decapsulated NPD
473 protocol machine.

f the decapsulated PDU is not an ISO 8473 PDU, perform the following steps on the decapsulate
link state PDU or Sequence Numbers PDU, pass it to the Update’process;

ise, ignore the PDU.

B473-1 Error NPDU, addressed to this system, is feseived, and the SEL field of the addres

| constants are described in table 2.
ameters settable by System Management are listed for each managed object in clause 11.

Table 2 — Routeing architectural constants

is equal to

U, and pass it

| PDU:

s is equal to
I

Name Value Description
MaxLjinkMetric 63 Maximum value of a routeing metric assignable to a circuit
MaxPathMetric 1023 Maximum total metric value for a complete path
ISP-SAP FE The SAP for ISO Network Layer on ISO 8802-2 LANs. This SAP value is
used for transmission and reception of all PDUs of this protocol.
IntradomajnRouteingPD 10000011 The Network Layer Protocol Identifier assigned to this protocol, as|recorded in
ISO/TR 9577
IntradomainReuteingSelector 0 The NSAP selector for the Intermediate System Network entity
SequenceModutus 3 Sizeof thesequernce umber space used by tire Update Process——
RecieveLSPBufferSize 1492 The size of LSP which all Intermediate systems must be capable of recieving
MaxAge 1200 Number of seconds before LSP considered expired
ZeroAgeLifetime 60 Number of seconds that an LSP with zero Remaining Lifetime shall be retained
after propagating a purge.
ISISHoldingMultiplier 10 The number by which to multiply iSISHelloTimer to obtain Holding Timer
for Level 1 and Level 2 IIH PDUs.
Jitter 25% The percentage of jitter which is applied to the generation of periodic PDUs.
See 10.1 for further information on generating jitter on timers.
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etwork dependent functions

The Subnetwork Dependent Functions mask the characteristics of the different kinds of Subnetworks from the Subnetwork
Independent Routeing Functions. The only two types of circuits the Subnetwork Independent Functions recognise are
broadcast and general topology.

The Subnetw

ork Dependent Functions include:

receive PDUs over the same subnetwork types, using the same techniques, as does ISO 8473.

on Broa

dcast subnetworks. the subnetwork point of attachment address) and identities (End System

The use of the ISO 8473 Subnetwork Dependent Con-vergence Functions (SNDCF) so that this protocol may transmit and

Co-ordination with the operation of the ES—IS protocol (ISO 9542) in order to determine the Network layer addresses (and

or Intermediate

System)
PDUs.

The exch

neighboyr by the receipt of an ISO 9542 ISH PDU, there is no provision within ISO 95§42’ to indig

neighbot
1IH PDU

8.1 Multi-destination circuits on ISs at a domain boundary

Routeing inf
relating to a
This informa
effect of caul
relayed to th
forward it of
subnetworks
subnetwork)

to a suitable

In general thq
may be poss
However thg
information 1

This is achie
specifies the

given addres;

explicit — Tj
manj

extractIDI —

of all adjacent neighbours. This information is held in the Adjacency database. It is used to con:

)ange of ITH PDUs. While it is possible for an Intermediate System to identify that it has an Inte

ris a Level 1 or a Level 2 Intermediate System. Specific PDUs (LAN Level 1, £AN Level 2 an
s) are defined to convey this information.

rmation (e.g. Link State PDUs) is not exchanged across a routeing-domain boundary. All routg

ion is disseminated to the rest of the routeing domain via Eink State PDUs as described in 7.3.
king NPDUs destined for NSAPs which are included inythe addressPrefix of the Reachable
at Intermediate System at the domain boundary. On.réeeipt of such an NPDU the Intermedi

(such as an ISO 8208 subnetwork using Dynamic’ Assignment, a broadcast subnetwork, or
t is necessary to ascertain additional subnetwerk dependent addressing information in order to foj
BNPA. (This may be the target End system of\an Intermediate system within the other domain.)

SNPA address to which an NPDU is to‘be forwarded can be derived from the destination NSAP
ible to perform some algorithmic*manipulation of the NSAP address in order to derive the
re may be some NSAPs wheretthis is not possible. In these cases it is necessary to have
plating an address prefix to a-particular SNPA address.

ved by additional information contained in the reachable address managed object. The mappin
means by which next hop subnetwork addressing information can be derived for NPDUs forward

prefix. The mappingType attribute may be specified as:

he SNPA address or set of SNPA addresses is manually pre-configured as an attribute of the rq
poed object.

- The ' SNPA is embedded in the IDI of the destination NSAP address according to the format an

of I

truct Link State

mediate System
ate whether the
d Point-to-point

ing information

circuit connected to another routeing domain is therefore entered via the Reachable Address managed objects.

B.2. This has the
Addresses to be
nite system shall

to the appropriate circuit, based on its own Linke¢State information. However in the case of multi-destination

| connectionless
ward the NPDU

of the NPDU. It
SNPA address.
pre-configured

gType attribute
ed based upon a

achable address

 encoding rules

O&348. This SNPA extraction algorithm can be used in conjunction with destination addresses

from the X.121,

F.69, E.163, and E.164 addressing subdomains.

extractDSP — All or a suffix of the SNPA is embedded in the DSP of the destination address. This SNPA extraction
algorithm requires manual pre-configuration of SNPAMask and sNPAPrefix attributes of the reachable address
managed object. The SNPAMask attribute is a bit mask with 1s indicating the location of the SNPA (suffix) within
the destination NSAP DSP. The part of the SNPA extracted from the NSAP is appended to the SNPAPrefix to form
the next hop subnetwork addressing information.

An example of a set of Reachable Addresses is shown in table 3.

The table is interpreted as follows:

a) Forthel

SO DCC prefix 39 123, use the SNPA address X.
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b)
¢)

For the X.121 IDI address prefix 37 aaaaa, do not use aaaaa, but use B instead.
For all IDPs based on SNPAs with DNIC D (i.e. with address prefix 37 D), use the address Y (which would probably be a

gateway to a subnetwork with DNIC D).

d)

For any other X.121 IDI (i.e. address prefix 37) — use the SNPA whose address is used as the IDI.
For the ISO ICD prefix 47 0005 CO use the SNPA address formed by concatenating Z with next 6 octets of the DSP

following the 47 0005 CO prefix.

Level 2 Intermediate Systems through which any other addresses could potentially be reached.

Anything else (“*” in table 3) — use one of the SNPA addresses R, S or T. These would typically be the SNPA addresses of

8.2 Point-t

This clause desd

The IS shall op
information so

8.2.1

An IS shall entd
received on the
separate timer. 4
is added to the 4

The IS shall set

D-point subnetworks

ribes the identification of neighbours on both point-to-point links and Static circuits.

prate the ISO 9542 protocol, shall be able to receive ISO 9542 ISH PDUs from other, ISs, and s
btained in the adjacency database.

Receipt of ESH PDUs — database of end systems

r an End system into the adjacency database when an ESH PDU is received on a circuit. If an
same circuit, but with a different NSAP address, the new address~shall be added to the adja
\ single ESH PDU may contain more than one NSAP address. When a new data link address or

b timer for the value of Holding Time in the received ESH PDU. If another ESH PDU is not rece

ES before that imer expires, the ES shall be purged from the database, provided that the Subnetwork Independ

associated with
functions are co

initialising the adjacency have been completed. Otherwise the IS shall clear the adjacency as
npleted.

Table 3 — Example of reachable address information

djacency database, the IS shall generate an adjacencyStateChange (Up) event on that adjacency.

hall store the

ESH PDU is
ency, with a
NSAP address

ived from the
ent Functions
soon as those

Address Prefix Mapping Type SNPA Address
39123 Explicit X
37 aaag Explicit B
37D Explicit Y
37 extractIDI Extract X.121 SNPA addrss from NSAP IDI
47 000p5 CO extractDSP sNPAPrefix=2 sNPAMask=000000000FFFFFFFFFFFF
* Explicit R,S, T

When the adjad
(Down) event, §
the adjacency h:

8.2.2 Receiy

ency is clearedy the Subnetwork Independent Functions shall be informed of an adjacencyS
nd the adjaceney can be reused after the Sub network Independent Functions associated with b
ve been ¢ompleted.

ing ISH PDUs by an intermediate system

tateChange
ringing down

On receipt of an ISH PDU by an Intermediate System, the IS shall create an adjacency (with adjacencyState “Initialising”
and neighbourSystemType “Unknown”), if one does not already exist, and then perform the following actions:

the adjacency then the IS shall

generate an adjacencyStateChange (Down) event;

the adjacency; and

a new adjacency with:

adjacencyState set to “Initialising”, and

ii. neighbourSystemType set to “Unknown”.

a)
1)
2)  delete
3) create
i.
4)
50

perform the following actions.

If the adjacencyState is “Up” and the ID portion of the NET field in the ISH PDU does not match the neigh-bourlD of
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gnored.

point IIH PDU shall be transmitted as described in 8.2.4.

d)

system, but the type (L1 or L2) is, as yet, unknown.

e)

The circuitType field shall be set according to Table 4.

8.2.3 Sending ISH PDUs by an Intermediate System

An Intermed;

te Svstem shall cause ISQ 9542 to send ISH PDIIs whenever a pnin‘r-‘rn_pnin‘r circuit is either fir

If the adjacencyState is “Initialising”, and the neighbourSystemType status is “Intermediate System”, the ISH PDU

If the adjacencyState is “Initialising” and the neighbourSystemType status is not “Intermediate System”, a point-to-

The neighbourSystemType shall be set to “Intermediate System” indicating that the neighbour is an Intermediate

t enabled or the

adjacency on
by the ISO 91

ISH PDUs 34
implementati
should be ign

8.2.4 Sen

An IS shall s
IIH PDU sha

a) the IS re

b) wheneve
The iSISHel

The IIH shalll
a) The Cirg

b) The Loc
value sh

The first
expiratio

c)

ding point-to-point IIH PDUs

the circuit transitions to the Down state. ISH PDUs shall continue to be sent periodically at an)i
42 Intermediate System Configuration Timer until an adjacency on the circuit transitions te-the U

re not required to be sent when an adjacency on the circuit is in the Up state dnd ‘it is sy
pn not send them in this state. ISH PDUs received on a point-to-point circuit whenan-adjacency
ored.

end Point-to-Point ITH PDUs on those Point-to-Point circuits whose externalDomain attribute is
1 be sent when:

teives an ISH PDU

r iSISHelloTimer expires
o Timer shall be (re)started upon transmission of theJJtH PDU.

be constructed and transmitted as follows:
uit Type field shall be set according to table\4.

al Circuit ID field shall be set to a value assigned by this Intermediate system when the circuit
11 be unique among all the circuits 6fthis Intermediate system.

Point-to-point ITH PDU (i.e. that'transmitted as a result of receiving an ISH PDU, rather than as
n) shall be padded (with trailing PAD option fields containing arbitrary valued octets) so t

containif
1)
2)
3)

dafaLinkBlocksize
originatingL1LSPBufferSize
originatingL2L.SPBufferSize

This is done fo ensure-that an adjacency will only be formed between systems which are capable of exchanging
up to maxsiz¢ ogtets! In the absence of this check, it would be possible for an adjacency to exist with a lower
size, with th¢ ‘result that some LSPs and SNPs (i.e. those longer than this maximum, but less than maxsiz

g the ITH PDU has a length of at least maxsize - I octets” ) where maxsize is the maximum of

hterval specified
D state.

ggested that an
s in the Up state

set “False”. The

is created. This

a result of timer
hat the SNSDU

PDUs of length
maximum block

£) would not be

exchanged.

NOTE 46 It is necessary for the manager to ensure that the value of dataLinkBlocksize on a circuit which will be used to form an
Intermediate system to Intermediate system adjacency is set to a value greater than or equal to the maximum of the LSPBufferSize
characteristics listed above. If this is not done, the adjacency will fail to initialise. It is not possible to enforce this requirement, since it is not
known until initialisation time whether or not the neighbour on the circuit will be an End system or an Intermediate system. An End system
adjacency may operate with a lower value for dataLinkBlocksize.

d) If the value of the circuitTransmitPassword for the circuit is non-null, then the IS shall include the Authentication
Information field in the transmitted ITH PDU, indicating an Authentication Type of “Password” and containing the
circuitTransmitPassword as the authentication value.

1))

The minimum length of PAD which may be added is 2 octets, since that is the size of the option header. Where

possible the PDU should be padded to maxsize, but if the PDU length is maxsize — 1 octets no passing is possible (or
required).
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Table 4 — Setting the value of the circuit type field

iSType Circuit manualL.2OnlyMode Circuit Type Field
Level 1 - Level 1 only (1)
Level 2 “True” Level 2 only (2)
Level 2 “False” Level 1 and 2 (3)

8.2.5 Receiving point-to-point IIH PDUs

8.2.5.1 PDU acceptance tests

On receipt of a Point-to-Point ITH PDIT pprfnrm the Fn]]n\xzing PDII acceptance tests:

a) Ifthe ITH PPU was received over a circuit whose externalDomain attribute is set “True”, the IS shall diseard the PDU.

b) If the ID Length field of the PDU is not equal to the value of the IS’s routeingDomainIDLengdth, the PDU shall be
discarded apd an iDFieldLengthMismatch event generated.

¢) If the valug of circuitTransmitPassword or the set of circuitReceivePasswords for this’ circuit is ron-null, then
perform the following tests:

1) If the PDU does not contain the Authentication In-formation field then the’ PDU shall be discgrded and an
authenticationFailure event generated.

2) “If thd PDU contains the Authentication Informa-tion field, but theZAuthentication Type is pot equal to
“Passwjord”, then:

i.  If the IS implements the authentication procedure indicated by.the Authentication Type whether the IS accepts
orfignores the PDU is outside the scope of this International Standard.

ii. Ifthe IS does not implement the authentication proceduré.indicated by the Authentication Type thgn the IS shall
ignore the PDU and generate an authenticationFailufe.event.”

3) Otherwise, the IS shall compare the password sinithe received PDU with the passwords i the set of
circuitiReceivePasswords for the circuit on which the PDU was received. If the value in the PDU mptches any of
these ppsswords, the IS shall accept the PDU fordfurther processing. If the value in the PDU does not majch any of the
circuit{ReceivePasswords, then the IS shall4gnore the PDU and generate an authenticationFailure evient.

8.2.5.2 IIH EDU Processing

When a Point-tp-point ITH PDU is received by an Intermediate system, the area addresses of the two Intermediate Systems
shall be compargd to ascertain the validity of the adjacency. If the two Intermediate systems have an area addregs in common
and matching values for maximumAreaAddresses, the adjacency is valid for all combinations of Intermediate[system types
(except where g Level 1 Intermediate’ system is con-nected to a Level 2 Intermediate system with manualL2gnlyMode set
“True”). Howeyer, if they have 1o area address in common, the adjacency is only valid if both Intermediat¢ systems are
Level 2, and the|IS shall mark the adjacency as Level 2 Only. This is described in more detail below.

On receipt of a [Point-te-point ITH PDU, each of the Area Addresses from the PDU shall be compared with the set of area
addresses in thejmanualAreaAddresses attribute.

a) If a match ib-detected between any pair the following actions-are taken

1)

If the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s maximumAreaAddresses

then the PDU shall be discarded and a maximumAreaAddresses-Mismatch event generated, unless the IS only
implements a value of three for maximumArea-Addresses, in which case this check may be omitted.

2)
3)

“False”, the IS shall perform the action indicated by table 6.

52
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If the local system is of iISType “L1IntermediateSystem” the IS shall perform the action indicated by table 5.
If the local system is of iSType “L2Intermediate-System” and the Circuit manualL20nlyMode has the value
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Table 5 — Level 1 state table for matching areas

Circuit Type (1)

Adjacency Usage

none (2) Level 1 (3)

Level 1 only

Up (4) L1 (5) Accept

Level 2 only

Reject (7) (Wrong system) Down (6) (Wrong system)

Level 1 and 2

Up (4) L1 (5) Accept

(1) The value of the Circuit Type field in the received PDU.
(2) The adjacency is not in adjacencyState “Up”.
(3) adjacencyUsage is “Level 1”
(4) The adjacency is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystemType was
“Unknown” (i.e. no ISH PDU has yet been received), a point-to-point ITH PDU is also transmitted.
(5) TheladjacencyUsage status is set to “Level 1”
(6) An 3djacencyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.
(7) A wrongSystemType event is generated.
4) If the local system is of iSType “L2Intermediate-System” and the Circuit mapualL20nlyModé has the value
“Trye”, the IS shall perform the action indicated by table 7.
b) If a no njatch is detected between any pair, the following actions shall be performeds
1) If the local system is of iISType “L1Intermediate-System”and the adjaceney is not in state “Up”, the IS shall delete
the gdjacency (if any) and generate an areaMismatch event.
2) If the local system is of iSType “LlIntermediateSystem” and the, adjacency is in state “Up”, the I shall delete the
adjacency and generate an adjacencyStateChange (Down —Atea Mismatch)” event .
3) If the local system is of iSType “L2IntermediateSystem” the IS shall perform the action indicpted by table 8
(irrespective of the value of manualL20nlyMode for this)¢circuit).
c) If the acfion taken is “Up”, as detailed in the tables referenced above, the IS shall compare the Source ID field of the
PDU with the local systemID.
1) If the local Intermediate system has the higher Source ID, the IS shall set the Circuit CircuitlD status to the
congatenation of the local systemID and-the Local Circuit ID (as sent in the Local Circuit ID field pf point-to-point
ITH PDUs from this Intermediate System)of this circuit.
2) If tHe remote Intermediate systemhas the higher Source ID, the IS shall set the Circuit Circuit|D status to the
congdatenation of the remote systein’s Source ID (from the Source ID field of the PDU), and the femote system’s
Locl Circuit ID (from the Lltocal Circuit ID field of the PDU).
3) Ifthe two source IDs aré the same (i.e. the system is initialising to itself), the local systemID is used.
NOTE 47 ThE circuitlD statustis 1ot used to generate the Local Circuit ID to be sent in the Local Circuit ID field of ITH[PDUs transmitted
by this Intermgdiate system,The Local Circuit ID value is assigned once, when the circuit is created and is not subsequently changed.
d) If the acfion taken.is “Accept” and the neighbor System ID in the adjacency does not match the source ID field from the
PDU, or|the new.value computed for the circuit ID is different from that in the existing adjacency, the IS shall
1) gendrate.dn adjacencyStateChange (Down) event, and
2) delete the adjacency.
e) If the action taken is “Up” or “Accept” the IS shall

1) copy the adjacency areaAddressesOfNeighbour entries from the Area Addresses field of the PDU,

2)
3)

set the holdingTimer to the value of the Holding Time field from the PDU, and
set the neighbourSystemID to the value of the Source ID field from the PDU.

© ISO/IEC 2002 — All rights reserved

53


https://iecnorm.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

Table 6 — Level 2 state table for matching areas

Circuit Type (1) Adjacency Usage
none (2) Level 1 (3) Level 1 and 2 (4) Level 2
Level 1 only Up (6) L1 (7) Accept Down (8) (Wrong system) Down (8) (Wrong system)
Level 2 only Up (6) L20 (9) Down (8) (Wrong system) Down (6) (Wrong system) Accept
Level 1 and 2 Up (6) L2 (10) Down (8) (Wrong system) Accept Down (8) (Wrong system)
(1) The value of the Circuit Type field in the received PDU.
(2) The adjacency is not in adjacencyState “Up”.
(3) The adjacency is in state “Up” and the Adjacency adjacencyUsage is “Level 17.
(4) The adjacency is in state “Up” and the Adjacency adjacencyUsage is “Level 1 and 2”.
(5) The adjacencyisi “Up” j j eis“Tevel 27
(6) The adjacecy is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystemType/Wwap “Unknown”
(i.e. no ISH PDU has yet been received), a point-to-point IITH PDU is also transmitted.
(7) The adjacgncyUsage status is set to “Level 17
(8) An adjacepcyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.
(9) The adjacdncyUsage is set to “Level 2”
(10) The adjacI:cyUsage is set to “Level 1 and 2”.
Table 7 — Level 2 only state table for matching areas
Circuit Type (1) Adjacency Usage
none (2) Level 1 and 2 (3) Level 2 (4)
Level 1 only Reject (5) (Wrong system) Down (6) (Wrong system) Down (6) (Wrong pystem)
Level 4 only Up (7) L20 (8) Down (6) (Wrong system) Accept
Level 1]and 2 Up (7) L20 (8) Down_(6){Wrong system) Accept
(1) The value ¢f the Circuit Type field in the received PDU.
(2) The adjacefcy is not in adjacencyState “Up”.
(3) The adjacefcy is in state “Up” and the adjacencyUsage is “Level 1 ahd 2”.
(4) The adjacefcy is in adjacencyState “Up” and the adjacencyUsage\is “Level 2.
(5) A wrongSystemType event is generated.
(6) An adjacepcyStateChange (Down)” event is generated, with\the specified reason, and the adjacency deleted.
(7) The adjacefcy is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystemType wap “Unknown”
(i.e. no ISH PDU has yet been received), a point-to-peint ITH PDU is also transmitted.
(8) The adjacgncyUsage status is set to “Level 2”
8.2.6 Monitpring point-to-point-adjacencies
The IS shall ke¢p a holding time ‘(adjacency holdingTimer) for the point-to-point adjacency. The value of the RoldingTimer

shall be set to the holding time:as reported in the Holding Time field of the Pt-Pt ITH PDU. If a neighbour is not
that time, the IS|shall

a) purge it from the database; and

b) generate an|adjacencyStateChange (Down) event.

heard from in

8.3 1ISO 8208 subnetworks

8.3.1

Netw

ork layer protocols

The way in which the underlying service assumed by ISO 8473 is provided for ISO 8208 subnetworks is described in clause 8
of ISO 8473. This defines a set of Subnetwork Dependent Convergence Functions (SNDCFs) that relate the service provided
by specific individual ISO International Standard subnetworks to the abstract “underlying service” defined in 5.5 of ISO 8473.
In particular 8.4.3 describes the Subnetwork Dependent Convergence Functions used with ISO 8208 Subnetworks.
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Table 8 — Level 2 state table for non-matching areas

Circuit Type (1) | Adjacency Usage
none (2) Level 1 (3) Level 1 and 2 (4) Level 2 (5)
Level 1 only Reject (6) (Area Mismatch) | Down (7) (Area Mismatch) | Down (7) (Wrong system) Down (7) (Wrong
system)
Level 2 only Up (8) L20 (9) Down (7) (Wrong system) Down (7) (Wrong system) Accept
Level 1 and 2 Up (8) L20 (9) Down (7) (Wrong system) | Down (7) (Area Mismatch) Accept

(1) The value
2
3)
“)
(5)
(6)
@)
(®)

The adjac,
The adjac]
An areaM
An adjacqg

The adjac]
ISH PDU

(9) The adjad

of the Circuit Type field in the received PDU.

The adjacency is not in adjacencyState “Up”.
The adjacency is in adjacencyState “Up” and the Adjacency adjacencyUsage is “Level 1”.

ency is in adjacencyState “‘Up” and the Adjacency adjacencyUsage is “Level 1 and 2”.

ency is in adjacencyState “Up” and the Adjacency adjacencyUsage is “Level 2”.
lismatch event is generated.
IncyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.

ency is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystémType was
has yet been received), a point-to-point IIH PDU is also transmitted.

tency Usage is set to “Level 2”

‘Unknown” (i.e. no

8.3.2 SV(
8.3.2.1
SVCs shall b
of ISO 8473
Request shall

In the case
neighbourS

In the case of

8.3.22 Dy

A dynamically assigned circuit has multipl€ adjacencies, and can therefore establish SVCs to multiple SN

several meth
when an NPI]

In some
NPDU i

In the cal
correct S

Other sc
the “extr]

Use of ISO 8473 subnetwork dependent convergence functions

" establishment

e established according to the procedures defined in the ISO 8208’Subnetwork Dependent Conver
(this may be on system management action or on arrivalhof data depending on the type of c
contain a Protocol Discriminator specifying ISO 8473 in the first octet of Call Userdata.

of a static circuit, an SVC shall be establishedonly upon system management action. T
NPAAddress as the called SNPA address.

a DA circuit, the call establishment procedures are initiated by the arrival of traffic for the circuit

namically assigned circuits

ds that can be used by an (Intermediate system to derive the SNPA address to which a call is
U is to be forwarded oyer an ISO 8208 subnetwork. These include the following:

instances, the SNPA address to which a call is to be established can be derived from the NS
to be forwarded.

e where allthe NSAPs accessible over the ISO 8208 subnetwork have IDIs which are their SNP|
INPA can(be derived by extracting the IDI, using the “extractIDI” mapping type described in 8.1.

bnarios thay also permit the extraction of the SNPA by examining other parts of the NSAP addres
hetDSP” mapping type may be used as described in 8.1.

oence Functions
rcuit). The Call

he IS shall use

[PAs. There are
o be established

AP to which an

A addresses, the

s. In these cases

Examples of the above methods are illustrated in table 3.

In other cases, such as when the IDI refers to some other SNPA address which is suboptimally connected to the target

NSAP (or even not connected at all), or when the IDP does not contain an X.121 address at all (e.g. the ISO DCC address
plan), a method not relying upon information in the destination NSAP address must be used.

If it is feasible for the IS to maintain the correspondence between an address prefix and an SNPA (via the Reachable
Address managed object) then the “explicit” mapping type may be used as described in 8.1. This may not always be
desirable because of the need to administer this information individually in each affected Intermediate system.

If a SNARE is available on the subnetwork, then the IS may invoke the appropriate SNARE functions to obtain the
desired SNPA address from the NSAP address in the NPDU to be forwarded.
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This is achieved, as described in 8.1, by additional information contained in the reachableAddress managed object. The
address extraction algorithm may be specified to extract the IDI or DSP portion where the desired portion of the destination
NSAP address is the required X.121 address. An example of a set of Reachable Addresses is shown in table 3.

NOTE 48 If a DA circuit is defined with a reachable address prefix which includes the addresses reachable over a STATIC circuit, the
cost(s) for the DA circuit must be greater than those of the STATIC circuit. If this is not the case, the DA circuit may be used to establish a

call to the remote

8.3.2.3

SNPA supporting the STATIC circuit, which would then (wrongly) assume it was the STATIC circuit.

Initiating calls (level 2 Intermediate systems)

When an NPDU is to be forwarded on a dynamically assigned circuit, for destination NSAP address D, the IS shall

Calculate D’s subnetwork address, either as explicitly stated in the reachable address prefix, or as extracted from the

a)
destination
1) 1If this
address
2) If this
prefixe
(either
to be u
algorit}
address
as desg
3) Ifthe 3
8473 D
b) Scan the ad
found, trang
¢) Ifno adjacg
the call usir
d) Ifthereisn

NOTE 49 Wher
reserveTimer hj
probability that th

8.3.24 Call

The Reachable
The timestamps

Some of the SN
that entry in the
choose the one
timestamp is mgq

SAL address.

system is an ES and there is an entry in the RedirectCache or ReversePathCache for D, use)th)
in the cache entry.

system is an ES or Level 2 Intermediate system, and the address matches one of the-listed reac
5 (including “*”, if present), the subnetwork address is that specified according toxthe mappingT
‘explicit”, indicating that the set of addresses in the SNPAAddresses attribute ‘of that Reachabl
bed, or “Algorithm”, indicating that it is to be extracted from the destination\NSAP address using
im). If multiple SNPA addresses are specified, and there is already antadjacency up to one of
es, then choose that subnetwork address, otherwise choose the subnefwork address with the old
ribed in 8.3.2.4.

k9

ddress does not match one of the listed reachable address prefixes (and there is no
iscard PDU function.

entry), in

jacencies for one already open to D’s subnetwork ddress (i.e. reserveTimer has not yet expir
mit the NPDU on that adjacency.

ncy has a call established to the required subnetwork ddress, but there is a free adjacency, atten
g that subnetwork address.

b free adjacency invoke the ISO 8473 Diseard PDU function.

possible, when an adjacency is reserved)(when an SVC has been cleared as a result of the idleTimer e
s not yet expired), resources within the subnetwork service provider should be reserved, in order tg
e adjacencywill not be able to initiate)a call when required.

ittempt failures

Address managed objécts may contain a set of SNPA addresses, each of which has an associatg
shall be initialised.té “infinitely old”.

P As in this-5€t'may be unreachable. If a call attempt fails to one of the SNPA addresses listed, the
list with.the time of the latest failed attempt. When an SNPA address is to be chosen from the li
with"the oldest timestamp , unless the oldest timestamp is more recent than recallTimer.
relrécent than recallTimer, all SNPAs in the set shall be assumed temporarily unreachable and n

is made. The IS

e subnetwork

hable address
ype attribute
b Address are
the specified
those SNPA
st timestamp

voke the ISO

ed). If one is

pt to etablish

piring, but the
minimise the

d timestamp.

IS shall mark
t, the IS shall
If the oldest
b call attempt

shatnsteadmvoke the 1ISO-8473 Diseard PR U Hunction

Otrerr—THst TGO

When attempting to establish a connection to a single specific subnetwork address (not through one of a set of SNPA
addresses), if a call attempt to a particular SNPA address, A, fails for any reason, the IS shall invoke the ISO 8473 Discard
PDU function. Additionally the adjacency on which the call attempt was placed shall be placed in “Failed” state, and the recall
timer set. Until it expires, the IS shall not attempt call establishment for future NPDUs to be forwarded over subnetwork
address A, but instead the IS shall invoke the ISO 8473 Discard PDU function.

When the recall timer expires, the IS shall free the adjacency for calls to a different destination or retry attempts to subnetwork
address A.

NOTE 50 If an implementation can store the knowledge of SNPA addresses that have failed along with the time since the attempt was made
in a location other than the adjacency on which the call was attempted, then that adjacency can be used for other calls.
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8.3.3 Reverse path forwarding on DA circuits

Where a subdomain is attached to a Connection-oriented subnetwork by two or more SNPAs, the destination NSAP addresses
within the subdomain may be chosen to be constructed from the address of one of the points of attachment. (It need not be. The
whole subdomain could be multi-homed by using both SNPA addresses, or some other IDP could be chosen; e.g. ISO DCC.)
Traffic to the subdomain from some other SNPA will cause a call to be established to the SNPA corresponding to the
destination NSAP

address in the subdomain. Traffic from the subdomain may use either of the SNPAs depending on the routeing decisions made
by the subdomain. This is illustrated in figure 6.

The subdomain is attached to the connection-oriented subnetwork via SNPAs 4 and B. The addresses on the subdomain are
constructed ysing the SNPA address of B as the IDI. IT traffic for C.z is sent irom B.X, a call will be establisiled from 4 to C.
The reverse tfaffic from C.z to B.x will cause another call to be established from C to B. Thus two SVCs have’pbeen established
where only ohe is required.

addresses from

This problen
which traffic
the IS shall i
over that adjg
is received d
Addresses m
implemented
the reserveT|

8.3.4 Use

Static and D
point-to-poin|

For DA circ
systems, sinc

is prevented by the local system retaining a cache (known as the ReversePathCache)-of NSAH
has been received over each adjacency. When it has traffic to forward over the consection-orier]
first check to see if the destination NSAP is in the cache of any of its adjacencies, and if so for
cency. An NSAP shall only be added to the cache when the remote SNPA dddress of the adjacen
ffers from the SNPA address to be called which would be generated byschécking against the C
hnaged objects. If the cache is full, the IS shall overwrite the least recently used entry. The Reve
shall have a size of at least one entry. The IS shall purge the cach¢-when the adjacency is taken

imer expires).

B
ISO,. 8208 Subnetwork ¢
A

Figure 6 - Example of reverse path forwarding

of ISO 9542 on1SO 8208 subnetworks

A circuits are equivalent to point-to-point links, and as such permit the operation of ISO 9542
 links in 8:2°

its, it is' impractical to use ISO 9542 to obtain configuration information, such as the location|
e this’would require calls to be established to all possible SNPA addresses.

ted subnetwork,
wards the traffic
cy over which it
ircuit Reachable
rsePathCache, if
down (i.e. when

as described for

of Intermediate

The IS shall not send ISO 9542 ISH PDUs on a DA circuit. The IS shall take no action on receipt of an ESH PDU or ISH PDU,
and the circuit shall complete initialisation without waiting for their arrival.

The IS shall not send Point-to-point IIH PDU on DA circuits.

The IS shall i

8.3.5

gnore receipt of point-to-point IIH PDUs on DA circuits.

Interactions with the update process

A dynamically assigned circuit contains a list of <reachable address prefix, cost, SNPA address> tuples. Also, each
dynamically assigned circuit has a specified call establishment cost measured by callEstablishmentMetric, (where & indexes
the four defined metrics). The call establishment cost is always an internal metric, and is therefore directly comparable with the
reachable address metric only if the reachable address metric is also internal.
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When the circuit is enabled, the Subnetwork Dependent functions in an Intermediate system shall report (to the Update
Process) “adjacency cost change” events for all address prefixes in the circuit reachable address managed object, together with
the reachable address metric & + Delta, increment. If reachable address metric; is internal, then Delta, = callEstab-

lishmentMetric
Deltak =0

« . If reachable address metric, is external, then

This causes this information to be included in subsequently generated LSPs as described in 7.3.3.2. Routeing PDUs (LSPs and
Sequence number PDUs) shall not be sent on dynamically assigned circuits.

NOTE 51 In the following sub-clauses, it is assumed that the Reachable Addresses referenced are only those which have been enabled (i.e.
that have state “On”), and whose parent circuit is also in state “On”.

8.3.5.1 Adja
After an SVC tg
local or the rem
Address managg

For Reachable 4
remote SNPA a
such address pr
MetriciIncremg
subsequently ge
83.52 Adja
When the adjad
Management ac
Address manag
shall generate
metric; + Delta
extraction map
adjacencyStat

A cost change ¢
SVC changes bg

8.3.5.3 Circ
On a dynamic
that circuit, the
which calls are 1

The IS shall sca

extraction map

Cency creauon

SNPA address D is successfully established and a new adjacency created for it (whether it(was i
pte system), if callEstablishment-MetrickIncrement is greater than 0, the IS shall scan the circ
d objects for all addressPrefixes listed with D as (one of) the SNPAAddress(es).

\ddresses with mappingType “Algorithm”, the IS shall construct an implied address prefix” fr
dress D and the address extraction algorithm. The IS shall generate an Adjacency cost change ¢
efix (both actual and implied) with the Reachable Address metric, (without the added callEs
nt). This causes information that those address prefixes are reachableswith the lower cost to b
herated LSPs. The effect of this is to encourage the use of already esfablished SVCs where possib

cency deletion

ency with sSNPAAddress D is freed (reserveTimer has/expired, or the adjacency is delete
tion) then if callEstablishment-Metric Increment is\greater than 0, the IS shall scan the Circ
bd objects for all those with mappingType explicit.and (one of) their SNPAAddresses equal
Adjacency cost change” events to the Update Process for all such address prefixes with the Reach

increment (where Delta, is the same as defined above). For Reachable Addresses with ai

bChange” event for that implied prefix.

vent shall only be generated when the’count of the number of subnetwork addresses which have ¢
tween 1 and 0.

it call establishment increment change

a‘Ily assigned circuit,(When system management changes the Circuit callEstablishmentMetricyln

[S shall generate (‘adjacency cost change events” for all address prefixes affected by the change
hot currently “‘established”).

h all the.Reachable Address managed objects of that Circuit. If the Reachable Address has an algo

itiated by the
hit Reachable

bm the actual
vent for each
tablishment-
e included in
e.

d by System
it Reachable
to D. The IS
able Address
1 algorithmic

bingType for which it is possible to construct an implied address prefix as above, the IS shall generate an

n established

crement for
i.e. those for

rithmic

he Reachable

Ding Type, the IS shall generate an “adjacency cost change” event for that adjacencyld with t

Address metric;,

+

e Reachable

Address has mappingType “explicit”, the IS shall scan all the adjacencies of the circuit for an adjacency with SNPAAddress
equal to (one of) the SNPAAddresses of that Reachable Address. If no such adjacency is found the IS shall generate an
“adjacency cost change” event for that adjacencyld with the reachable address metric; + the new value of Delta; (based on the
new value of callEstablishmentMetric Increment).

8.3.5.4  Reachable address cost change

When the metric;, attribute of a reachableAddress in operationalState “Enabled” is changed by system management, the IS
shall generate cost change events to the Update process to reflect this change.

D j.e. some address prefix which matches the addressPrefix of the Reachable Address, and which would generate the SNPA Address D
when the extraction algorithm is applied.
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If the reachableAddress has mappingType “explicit”, the IS shall scan all the adjacencies of the circuit for an adjacency
with SNPAAddress equal to (one of) the SNPAAddresses of that reachable address. If one or more such adjacencies are
found, the IS shall generate an adjacencyCostChange event for that reachableAddressld with the new reachable address
metric;. If no such adjacency is found the IS shall generate an “adjacency cost change” event for that reachableAddressid
with the new reachable address metric;.

If the reachableAddress has an algorithmic extraction mappingType, the IS shall generate an adjacencyCostChange
event for that name with the new reachable address metric, + Delta, (based on the new value of callEstablishment-
MetrickIncrement). In addition, for all adjacencies of the circuit with an SNPAAddress for which an implied address prefix
can be generated for this reachable address, the IS shall generate an adjacencyCostChange event for that implied address
prefix and the new reachable address metric.

8.3.5.5 Dipabling a reachable address
hableAddress managed object is disabled via management action, the IS shall generatesan adljacency-Down
Jpdate process for the adjacencyld of that reachable address and also for any implied prefixes| associated with
b address.

When a reaq
event to the

that reachabl
8.3.5.6

Enabling a reachable address

When a reag Change events

as described

hableAddress is enabled via system management action, the IS shall generate adjacencyCos
for reachable address cost changes in 8.3.5.4 above.

8.4 Broadcast subnetworks

8.4.1 Enabling of broadcast circuits

When the brdadcast circuit is enabled on an Intermediate system¢the IS shall perform the following actions.

a) Commerfce sending ITH PDUs with the LAN ID field set-tethe concatenation of its own systemID and its|locally assigned
one octef Local Circuit ID.

b) Solicit tHe End system configuration as described.in8.4.6

c) Start listpning for ISO 9542 ESH PDUs andcagcquire adjacencies as appropriate. Do not run the Designajed Intermediate
System dlection process.

d) After wqiting iSISHelloTimer x 2 seconds, run the Level 1 and or the level 2 designated intermediate|system election
process depending on the Intermediate’system type.

8.4.2 Broadcast subnetwork)IIH PDUs

All Intermed
Level 1 Inte
manualL20
circuits with

ate systems on broadcast circuits (both Level 1 and Level 2) shall transmit LAN ITH PDUs as de
mediate syStems shall transmit only Level 1 LAN IIH PDUs. Level 2 Intermediate Systems
nlyMode'set to the value “True”, shall transmit only Level 2 LAN IIH PDUs. Level 2 Interme
manualC20nlyMode set to the value “False”, shall transmit both.

scribed in 8.4.4.
on circuits with
liate systems on

Level n LAN

\ IH PDUs contain the transmitting Intermediate svstem’s 1D, holding timer, Level n Priori

y and manual-

AreaAddresses, plus a list containing the IANAddresses of all the adjacencies of neighbourSystemType “Ln Intermediate
System” (in adjacencyState “Initialising” or “Up”) on this circuit.

The Circuit Type field shall be set according to Table 4. In a level 1 I[IH PDU the Circuit Type shall be either 1 or 3. In a level
2 IIH PDU the Circuit Type shall be either 2 or 3.

LAN IIH PDUs shall be padded (with trailing PAD option fields containing arbitrary valued octets) so that the SNSDU
containing the ITH PDU has a length of at least maxsize - I octets" where maxsize for Level 1 IIH PDUs is the maximum of

originati

datalLinkBlocksize

ngL1LSPBufferSize

D" The minimum length of PAD which may be added is 2 octets, since that is the size of the option header. Where possible the PDU should
be padded to maxsize, but if the PDU length is maxsize-1 octets no padding is possible (or required).
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and for Level 2 ITH PDUs is the maximum of

dataLinkBlocksize
originatingL2LSPBufferSize

This is done to ensure that an adjacency will only be formed between systems which are capable of exchanging PDUs of length
up to maxsize octets. In the absence of this check, it would be possible for an adjacency to exist with a lower maximum block
size, with the result that some LSPs and SNPs (i.e. those longer than this maximum, but less than maxsize) would not be

exchanged.

NOTE 52 An example of a topology where this could occur is one where an extended LAN is constructed from LAN segments with
different maximum block sizes. If, as a result of mis-configuration or some dynamic reconfiguration, a path exists between two Intermediate
systems on separate LAN segments having a large maximum block size, which involves transit of a LAN segment with a sm:

aller maximum

block size, loss of
bring up the adjag

Level 1 Interme}
on that address.
neighbour Inter
neighbourSyst

Level 2 Only I
manualL20nly
address AlIL2IS
Intermediate sys

Level 2 Intermg
and Level 2 LA
Intermediate sys3
Level 2 LAN II}

8.4.2.1

On receipt of a |
a) Ifthe IIHP

b) Ifthe ID L
discarded a

If the valu
perform the

1) If the
auther

If the H
then

If

¢)

2)

larger PDUs will occur if the Intermediate systems continue to use the larger maximum block size. It is/be
ency in these circum-stances.

diate systems shall transmit Level 1 LAN ITH PDUs to the multi-destination address AlILYISs, a
They shall also listen for ESH PDUs on the multi-destination address AllintermediateSystem
mediate systems shall contain only Level 1 Intermediate Systems within the same-area. (i.e. A
emType “L1 Intermediate System”.)

htermediate systems (i.e. Level 2 Intermediate systems which have the ‘Circuit with an assod
Mode characteristic set to the value “True”) shall transmit Level 2 LAN IIH PDUs to the mu
s, and also listen on that address. The list of neighbour Intermediate systems shall contain
tems. (i.e. adjacencies of neighbourSystemType “L2 Intermediate System”.)

diate systems (with manualL20nlyMode “False”) shall perform both of the above actions. Sep
N ITH PDUs shall be sent to the multi-destination addrésses AlIL11Ss and AlIL2ISs describing
tems for Level 1 and Level 2 respectively. Separate adjacencies shall be created by the receipt o
1 PDUs.

IIH EDU acceptance tests

Broadcast ITH PDU, perform the following PDU acceptance tests:
DU was received over a circuit whose-externalDomain attribute is “True”, the IS shall discard th|

ength field of the PDU is not'equal to the value of the IS’s routeingDomainiDLength, the |
nd an iDFieldLengthMismatch event generated.

e of circuitTransmitPassword or the set of circuitReceivePasswords for this circuit is 1
following tests:

PDU does notywcontain the Authentication Information field then the PDU shall be disc:
ticationFaijluré‘event generated.

DU contains the Authentication Information field, but the Authentication Type is not equal tg

ter to refuse to

ind also listen
S. The list of
djacencies of

iated linkage
ti-destination
only Level 2

arate Level 1
he neighbour
f Level 1 and

e PDU.
PDU shall be

on-null, then

rded and an

“Password”,

tie 18 implements the authentication procedure indicated by the Authentication Type whether the IS accepts

or

ii.

1gnores the PDU 1s outside the scope of this International Standard.

ignore the PDU and generate an authenticationFailure event.”

3)

If the IS does not implement the authentication procedure indicated by the Authentication Type then the IS shall

Otherwise, the IS shall compare the password in the received PDU with the passwords in the set of

circuitReceivePasswords for the circuit on which the PDU was received. If the value in the PDU matches any of
these passwords, the IS shall accept the PDU for further processing. If the value in the PDU does not match any of the
circuitReceivePasswords, then the IS shall ignore the PDU and generate an authenticationFailure event.

8.4.2.2

Receipt of level 1 ITH PDUs

On receipt of a Level 1 LAN ITH PDU on the multi-destination address AlIL1ISs, the IS shall perform the following tests:
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a) Compare each of the area addresses, from the Area Addresses field of the received IIH PDU with the set of area
addresses in the manualAreaAddresses attribute. If a match is not found between any pair (i.e. the local and remote
system have no area address in common), the IS shall reject the adjacency and generate an areaMismatch event.

b) if the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s maximumAreaAddresses then
the PDU shall be discarded and a maximumArea-AddressesMismatch event generated, unless the IS only implements a
value of three for maximumAreaAddresses, in which case this check may be omitted. If the above tests succeed, the IS
shall accept the adjacency and set the Adjacency neighbourSystemType to “L1 Intermediate System”.

8.4.2.3  Receipt of Level 2 IIH PDUs

On receipt of a Level 2 LAN ITH PDU on the multi-destination address AlIL21Ss, the IS shall accept the adjacency, and set the

Adjacency nWwwm System’”.
8.4.2.4 EJisting adjacencies

When a Level n LAN IIH PDU (Level 1 or Level 2) is received
from an Interjnediate system for which there is already an adjacency with

a) the adjagency neighbourSNPAAddress equal to the MAC Source address of the PDU, and
b) the Adjafency neighbourSystemID equal to the Source ID field from the PDU and

c¢) the neighbourSystemType equal to “Ln Intermediate System”, thé JIS shall update the | holdingTimer,
priorityQfNeighbour and areaAddressesOfNeigh-bour according to the valdes in the PDU.

8.4.2.5 N¢w adjacencies

8.4.2.5.1 When
a) Level n LAN IIH PDU (Level 1 or Level 2) is received (from\Intermediate system R), and
b) there is fjo adjacency for which the adjacency neighbourSNPAAddress is equal to the MAC Source addfess of the PDU;

and

the IS shall cfeate a new adjacency. However, if there\is insufficient space in the adjacency database, to permit|the creation of a
new adjacendy the IS shall instead perform the aefions described in 8.4.3.
The IS shall
a) set neighbourSystemType to “Ln Intermediate System” (where 7 is the level of the IITH PDU),

b) set the hpldingTimer, priority©fNeighbour, neighbour-SystemID and areaAddressesOfNeighbour a¢cording to the
values inf the PDU., and

c) set the neighbourSNPAAddress according to the MAC source address of the PDU.
The IS shall pet the adjacencyState of the adjacency to “initialising”, until it is known that the communicatfon between this

system and tle sotirge of the PDU (R) is two-way. However R shall be included in future Level n LAN IIH PDUs transmitted
by this systerp.:

When R reports the local system’s SNPA address in its Level n LAN IIH PDUs, the IS shall

d) set the adjacency’s adjacencyState to “Up”, and

e) generate an adjacencyStateChange (Up)” event.

8.4.2.5.2 The IS shall keep a separate holding time (adjacency holdingTimer) for each “Ln Intermediate System” adjacency.

The value of holdingTimer shall be set to the holding time as reported in the Holding Time field of the Level n LAN IIH
PDUs. If a neighbour is not heard from in that time, the IS shall

a) purge it from the database; and
b) generate an adjacencyStateChange (Down) event.
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8.4.2.5.3 If a Level n LAN IIH PDU is received from neighbour N, and this system’s IANAddress is no longer in N’s ITH
PDU, the IS shall

a) set the adjacency’s adjacencyState to “initialising”, and
b) generate an adjacencyStateChange (Down) event.

8.4.3 Insufficient space in adjacency database

If an IS needs to create a new Intermediate system adjacency, but there is insufficient space in the adjacency database, the
adjacency of neighbourSystemType “Ln Intermediate System” with lowest | X intermediateSystemPriority (or if more than
one adjacency has the lowest priority, the adjacency with the lowest SNPAAddress, from among those with the lowest
priority) shall be purged from the database. If the new adjacency would have the lowest priority, it shall be ignored, and a

rejectedAdjace

If an old adjace
the Subnetwork

8.4.4 Trans

A Level 1 IS sh:
has been enable
also transmit a Il

The IS shall als
the same type ot

a) iSISHelloT
The Holdin
dRISISHel
ISISHoldin
detected m

or

b) the contents
this system

c) this system

To minimise thg
hello timer shal
Designated Inte

Where an Interi

Ncy event generated.

cy must be purged, the IS shall generate an adjacencyStateChange (Down) event forthat adj
Independent Functions issue an “adjacency down complete”, the IS may create a new adjacency.

mission of LAN ITH PDUs

11 transmit a Level 1 LAN ITH PDU immediately when any circuit whose €xternalDomain attrib
1. A Level 2 Intermediate System shall transmit a Level 2 LAN ITH PDU\ A Level 2 Intermediate
evel 1 LAN ITH PDU unless the circuit is marked as manualL20nlyMede “True”.

transmit a LAN ITH PDU when at least 1 second has elapsed sifice the last transmission of a LAJ
| this circuit by this system and:

imer seconds have elapsed" since the last periodic LAN HH PDU transmission.

b Time is set to ISISHoldingMultiplier x iSISHelloTimer. For a Designated Intermediate Systen
oTimer? is used instead of iSISHelloTimex"The Holding Time for this PDU shall therefy
gMultiplier x dRISIS-HelloTimer seconds, This permits failing Designated In-termediate S
re rapidly,

of the next ITH PDU to be transmitted would differ from the contents of the previous IIH PDU ¢
or

has determined that it4dsto become or resign as LAN Designated Intermediate System for that lev

possibility of the\]PTH PDU transmissions of all Intermediate systems on the LAN becoming syn
| only be resetiwhen a IIH PDU is transmitted as a result of timer expiration, or on becoming o
mediate System.

(separately jitteﬂed) for the transmission of the Level 1 and Level 2 IIH PDUs. This avoids correlation between th

nedidte, system is transmitting both Level 1 and Level 2 LAN IIH PDUs, it shall maintain a s

acency. After

ute is “False”
System shall

N IIH PDU of

h the value of
re be set to
stems to be

ransmitted by

b
L

L.
hronised, the

r resigning as

leparate timer
e Level 1 and

11 41 4 1 £, - tatar] - M |
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If the value of the circuitTransmitPassword for the circuit is non-null, then the IS shall include the Authentication
Information field in the transmitted IIH PDU, indicating an Authentication Type of ‘“Password” and containing the
circuitTransmitPassword as the authentication value.

8.4.5 LAN designated intermediate systems

A LAN Designated Intermediate System is the highest priority Intermediate system in a particular set on the LAN, with
numerically highest MAC source SNPAAddress breaking ties. (See 7.1.8 for how to compare LAN addresses.)

D Jitter is applied as described in 10.1.
? In this case jitter is not applied, since it would result in intervals of less than one second.
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There are, in general, two LAN Designated Intermediate Systems on each LAN, namely the LAN Level 1 Designated
Intermediate System and the LAN Level 2 Designated Intermediate System. They are elected as follows.

a) Level 1 Intermediate systems elect the LAN Level 1 Designated Intermediate System.

b) Level 2 Only Intermediate systems (i.e. Level 2 Intermediate Systems which have the Circuit manualL20nlyMode
characteristic set to the value “True”) elect the LAN Level 2 Designated Intermediate System.

¢) Level 2 Intermediate systems (with manualL20nlyMode “False”) elect both the LAN Level 1 and LAN Level 2

Designat

ed Intermediate Systems.

The set of Intermediate systems to be considered includes the local Intermediate system, together with all Intermediate systems
of the appropriate type as follows.

d) For the LAN Level 1 Designated Intermediate System, it is the set of Intermediate systems from which AN Level 1 IITH
PDUs afe received and to which Level 1 adjacencies exist in adjacencyState “Up”. When the)lochl system either
becomes| or resigns as LAN Level 1 Designated Intermediate System, the~JS” sha|]l generate a
IANLevel1DesignatedIntermediateSystemChange event. In addition, when it become§-IZAN Levgl 1 Designated
Intermediate System, it shall perform the following actions.

1) Genprate and transmit Level 1 pseudonode LSPs using the existing End system cenfiguration.

2) Purge the Level 1 pseudonode LSPs issued by the previous LAN Level 1 Designated Intermediate System (if any) as
desdribed in 7.2.3.

3) Soligit the new End system configuration as described in 8.4.6.

e) For the LAN Level 2 Designated Intermediate System, it is the set ofdntermediate systems from which [{AN Level 2 ITH
PDUs afe received and to which Level 2 adjacencies exist in-adjacencyState “Up”. When the locyil system either
becomes| or resigns as LAN Level 2 Designateds Intermediate System, the IS sha|ll generate a
IANLerIZDesignatedIntermediateSystemChange event. )Ih addition, when it becomes LAN Lev¢l 2 Designated
Intermediate System, it shall perform the following actions;

1) Generatd and transmit a Level 2 pseudonode LSP.

2) Purge the Level 2 pseudonode LSPs issued by the previous LAN Level 2 Designated Intermediate Syptem (if any) as
describedl in 7.2.3.

When an Intgrmediate system resigns as =AN Level 1 or Level 2 Designated Intermediate System it shall perform the actions

on Link Statd PDUs described in 7.2.3.

The IS shall run the Level 1 @and/or the Level 2 Designated Intermediate System election process (ddpending on the

Intermediate [system type) whengver an IIH PDU is received or transmitted as described in 8.4.4. (For thepe purposes, the

transmission of the system’s\own IIH PDU is equivalent to receiving it). If there has been no change to thq information on

which the election is performied since the last time it was run, the previous result can be assumed. The relevant [information is

f) the set of Intermediate system adjacency states;

g) the set ofIntérmediate System priorities (including this system’s): and

h) the existence (or otherwise) of at least one “Up” End system (not including manual adjacencies) or Intermediate system

adjacency on the circuit.

An Intermediate system shall not declare itself to be a LAN Designated Intermediate system of any type until it has at least one
“Up” End system (not including manual adjacencies) or Intermediate system adjacency on the circuit. (This prevents an
Intermediate System which has a defective receiver and is incapable of receiving any PDUs from erroneously electing itself
LAN Designated Intermediate System.)

The LAN ID field in the LAN ITH PDUs transmitted by this system shall be set to the value of the LAN ID field reported in the
LAN IIH PDU (for the appropriate level) received from the system which this system considers to be the Designated
Intermediate System. This value shall also be passed to the Update Process, as the pseudonode ID, to enable Link State PDUs
to be issued for this system claiming connectivity to the pseudonode.
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If this system, as a result of the Designated Intermediate System election process, considers itself to be designated Intermediate
System, the LAN ID field shall be set to the concatena\tion of this system’s own system ID and the locally assigned one octet
Local Circuit ID.

8.4.6 Soliciting the ES configuration

When there is a change in the topology or configuration of the LAN (for example the partitioning of a LAN into two segments
by the failure of a repeater or bridge), it is desirable for the (new) Designated Intermediate System to acquire the new End
system configuration of the LAN as quickly as possible in order that it may generate Link State PDUs which accurately reflect

the actual configuration. This is achieved as follows.

When the circuig—

1 1 £1 P
Ot

change in the [
following actior]

a) Delay a ra
systems wh

b) If (and onlyj]

reset the ern
circuit to th|

(iISISHello]

or the exist
rapidly timg

Transmit S
Configurati
iISConfigur
d)

Resume sej
defaultESH

8.4.7 Receipt of ESH PDUs — databasé of end systems

An IS shall ente}
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address shall be
When a new

adjacencyStat

The IS shall set
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Functions assoc
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Designated Intermediate System ID, the IS shall initiate a poll of the ES configuration by ps
S.

hdom interval between 0 and iSISHelloTimer. (This is to avoid synchronisatiomywith other
ich have detected the change.)

if) an Intermediate System had been removed from the set of Intermediate systems on the LAN,

tryRemainingTime field in the neighbour-SystemIDs adjacency database record of all adjac
e value

[imer + pollESHelloRate) x iSISHoldingMultiplier

ng value whichever is the lower. (This causes any End systems which are no longer present on t
d out, but not before they have a chance to respond to the.poll.)

ISHoldingMultiplier ISH PDUs for each NET possessed by the Intermediate system with a §
bn Timer value of pollESHelloRate at an interyal*between them of iSISHelloTimer and a ho
ationTimer x iSISHoldingMultiplier.

ding ISH PDUs at intervals of iSConfiguration-Timer with a Suggested ES Configuration T
lelloTimer.

r an End system into the adjacency database when an ESH PDU is received from a new data link
ceived with the same«data link address as a current adjacency, but with a different NSAP add
added to the adjacency, with a separate timer. A single ESH PDU may contain more than one N
data link address/or NSAP address is added to the adjacency database, the IS shall
bChange (Up)-event on that adjacency.

a timer _for-the value of the Holding Time field in the received ESH PDU. If another ESH PDU i
fore that*timer expires, the ES shall be purged from the database, provided that the Subnetwork
ated with initialising the adjacency have been completed. Otherwise the IS shall clear the adjacer]
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When the adjacency is cleared, the Subnetwork Independent Functions shall be informed of an adjacencyStateChange
(Down) event, and the adjacency can be re-used after the Subnetwork Independent Functions associated with bringing down
the adjacency have been completed.

8.4.8 Broadcast subnetwork constants

The Intradomain IS-IS protocol exploits multicast capabilities for all IS-IS protocol exchanges on broadcast subnetworks. To
ensure interoperability all systems on a given broadcast subnetwork must use the same multi-destination address bindings.

For ISO 8802 subnetworks that supports 48 bit MAC addresses, 48 bit MAC addressing and the multi-destination address
bindings in table 9 below shall be used.
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Table 9 — Architectural constants for use with ISO 8802 subnetworks

Multi-destination Address Binding Description

AlIL1ISs 01-80-C2-00-00-14 The multi-destination address  “All L1 Intermediate
Systems”

AlIL2ISs 01-80-C2-00-00-15 The multi-destination address “All L2 Intermediate
Systems”

AlllntermediateSystems 09-00-2B-00-00-05 The multi-destination address “All Intermediate Systems”
used by ISO 9542

AllEndSystems 09-00-2B-00-00-04 The multi-destination address “All End Systems” used by
ISO 9542

9 Strudture and encoding of PDUs

This clause dpscribes the PDU formats of the Intra-Domain IS—IS routeing protocol.

9.1 Gengral encoding rules

Octets in a PDU are numbered starting from 1, in increasing order. Bits in a octet are\ntimbered from 1 to 8, where bit 1 is the
least significhnt bit and is pictured on the right. When consecutive octets are used to represent a number,|the lower octet
number has the most significant value.

Fields markefl Reserved (or simply R) are transmitted as zero, and ignored on receipt, unless otherwise noted

Values are giyen in decimal. All numeric fields are unsigned integers;wnless otherwise noted.

9.2 Encdding of network layer addresses

Network Layper addresses (NSAP addresses, NETs, area addresses and Address Prefixes) are encoded in PDUslaccording to the
preferred bingry encoding specified in ISO

8348; the enfire address, taken as a whole is represented explicitly as a string of binary octets. This string is{ conveyed in its
entirety in th¢ address fields of the PDUs. The. tules governing the generation of the preferred binary encoding|are described in
ISO 8348. The address so generated is encoded with the most significant octet (i.e. the AFI) of the address beipg the first octet
transmitted, gnd the more significant semifoctet of each pair of semi-octets in the address is encoded in the ore significant
semi-octet of|each octet (i.e. in the high order 4 bits). Thus the address / 371234 is encoded as shown in figure 7.

No. of Octets

3 7 1
2 1
3 4 1

Figure 7 - Address encoding example

9.3 Encoding of SNPA addresses

SNPA addresses (e.g. LAN Address) shall be encoded according to the rules specified for the particular type of subnetwork
being used.

In the case of an ISO/IEC 8802 (except for ISO/IEC 8802-6 DQDB) or ISO/IEC 9314 subnetwork, the SNPA address is the
48-bit MAC address encoded as a sequence of six octets according to the “hexadecimal representation” of MAC addresses
specified in ISO/IEC 10039. The SNPA address of an ISO/IEC 8802-6 DQDB shall be encoded as a sequence of eight octets
containing 4-bit address type subfield, variable length padding subfield and variable length MAC service access point address
subfield according to the “hexadecimal representation”.

NOTE 53 In this encoding the first bit of the binary representation of the SNPA address is the least significant bit of the first octet in the
encoded sequence.
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The types of PDUs are:

- Level 1 LAN IS to IS Hello PDU
- Level 2 LAN IS to IS Hello PDU

- Point-to-Point IS to IS Hello PDU

- Level 1 Link State PDU

- Level 2 Link State PDU

- Level 1 Cotplete Sequence Numbers PDU
- Level 2 Co

plete Sequence Numbers PDU

- Level 1 Partial Sequence Numbers PDU

- Level 2 Partial Sequence Numbers PDU

These are described in the following subclauses.

9.5 Level JLAN IS to IS hello PDU

This PDU is mu
this PDU is for
that circuit. Tra
maximum of

Iticast by Intermediate systems on broadcast circuits to the multi-destination address AlIL1ISs. The purpose of
Intermediate systems on broadcast circuits to discover the-~identity of other Level 1 Intermediafe systems on
ling Pad option fields are inserted to make PDU Lengthvequal to at least maxsize - 1 where miaxsize is the

- dataLinkBlocksize
- originatingl.1LSPBufferSize
(see 8.4.2).
No. of Octets
Intradomair} Routeing Protocol 1
Digcriminator
Length Indicator 1
Version/Prdtocol ID Extension 1
ID Length 1
R | R|][R | PDUTIype 1
Version 1
Reserved 1
Maximunm Area Addresses 1
Reservgd/€ircuit Type 1
Source ID ID Length
Holding Time 2
PDU Length 2
R | Priority 1
LAN ID ID Length + 1
VARIABLE LENGTH FIELDS VARIABLE

- Intradomain Routeing Protocol Discriminator — architectural constant (see table 2)

- Length Indicator — Length of the fixed header in octets

- Version/Protocol ID Extension — 1
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ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on

one of the following values:

e Aninteger between 1 and 8, inclusive, indicating an ID field of the corresponding length
e  The value zero, which indicates a 6 octet ID field length

e  The value 255, which means a null ID field (i.e. zero length)

All other values are illegal and shall not be used.

PDU Type (bits 1 through 5) — 15.

NOTE 54 Bits 6, 7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt

Version|- 1

Reservgd — transmitted as zero, ignored on receipt
Maximum Area Addresses — number of area addresses permitted for this ISs area, ds\derived from
System Management parameter maximum-AreaAddresses. This field shall take on of the following valy

e An integer between 1 and 254 inclusive, indicated a corresponding number of\atea addresses supporte

e The|value zero, which is treated upon reception as if it were equal to three; and which the IS may |
only a vdlue of 3 for maximumAreaAddresses.

Reserved/Circuit Type — Most significant 6 bits reserved (Transmitfed as zero, ignored on receipt). Loy
1 and 2) [indicate:

o 0 —teserved value (if specified the entire PDU shall be ignered)
e | —Level 1l only

e 2 —fLevel 2 only (sender is Level 2 Intermediate system with manualL20nlyMode set “True” for
will use this link only for Level 2 traffic)

e 3 —Dboth Level 1 and Level 2 (sender is Ievel 2 Intermediate system, and will use this link both for L
2 traffic

NOTE 55 Inh LAN Level 1 IIH PDU the Circuit Type shall be either 1 or 3.

Source |D - the system ID_of fransmitting Intermediate system
Holding|Time — Holding Timer to be used for this Intermediate system

PDU Lenpgth — Entire length of this PDU, in octets, including header

the value of the
es:

.

se if it supports

v order bits (bits

this circuit, and

bvel 1 and Level

for being LAN

Reserved/Priority — Bit 8 reserved (Transmitted as zero, ignored on receipt). Bits 1 through 7 — priority
Level 1 (s ormodiate  ipp e ST T © )
Intermediate System. Unsigned integer.

ad Q ad L a o ha AD

1 1 Designated

LAN ID — a field composed the system ID (1-8 octets) of the LAN Level 1 Designated Intermediate System, plus a low
order octet assigned by LAN Level 1 Designated Intermediate System. Copied from LAN Level 1 Designated

Intermediate System’s IIH PDU.

VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH
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Any codes in a received PDU that are not recognised shall be ignored.
Currently defined codes are:

e Area Addresses — the set of manualAreaAddresses of this Intermediate System.

x CODE -1
x LENGTH - total length of the value field.
x VALUE -
No. of Octets
Address Length 1
Area Afldress Address Length
i j
Address |[Length 1
Area Afldress Address Length

e Address Length — Length of Area Address in octets.
o Area Address — Area address.

e Intermediate System Neighbours — The set of Intermediate systems_on this LAN to which afljacencies of
neighborSystemType “L1 Intermediate System” exist in state “Up” or “Initialising” (i.e. those from which Level 1 IIH
PDUs have|been heard). This is permitted to appear more than once.

Two types ¢f codes are defined:

a) Infermediate System Neighbors with 6 octet MAC addiess

x CODE - 6
x LEN{GTH - total length of the value field in octets
x VALUE -
No. of Octets
LAN Afldress 6
i i
| LAN Afidress | 6

o LAN Address (6 octet length) — 6 octet MAC Address of Intermediate System neighbour.

b) Infermediate System Neighbors with variable length SNPA address

x CODE -7
x LEN{GTH!- total length of the value field in octets
x VALUE<

No. of Octets

Lan Address Length 1
LAN Address LAN Address
(variable length) Length
i j
LAN Address LAN Address
(variable length) Length

e LAN Address Length — length of SNPA address of Intermediate System neighbors.

e LAN Address (variable length) — variable length SNPA address of Intermediate System neighbors
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This variable length field shall not be used for the Intermediate System Neighbor of which SNPA address length is 6

octets.

Padding — This option may occur more than once. It is used to pad the PDU to at least maxsize - 1.

x CODE - 8.
x LENGTH - total length of the value field (may be zero).
x VALUE - LENGTH octets of arbitrary value.

x CODE — 10.
x LENGTH — variable from 1-254 octets
x VALUE —
No. of Octets
Authentjcation Type 1
Authentication Value VARIABLE

are

0—R
1—d
2-254
255 -

Autlpentication Type — a one octet identifier for the type of authentication to be carried out. The 1

Jefined:

ESERVED

leartext Password

— RESERVED

Routeing Domain private authentication method

Authentication Value — determined by the value of the authentication type. If Cleartext Password 3

Integnational Standard is used, then the authentication valueis an octet string.
9.6 Level 2 LANIS to IS hello PDU
This PDU is multicast by Intermediate systems on brpadcast circuits to the multi-destination address AllL2ISs

Authentication Information — information for performing authentication of the originator of the PDU.

ollowing values

s defined in this

The purpose of
liate systems on

this PDU is for Intermediate systems on broadcast Circuits to discover the identity of other Level 2 Interme
that circuit. Tjrailing Pad options are inserted to make PDU Length equal to at least maxsize - 1 where
- dataLinkBlocksize
- originatipgL2LSPBufferSize
(see 8.4.2).
No. of Octets
Intradomjain Routeing Protocol 1
Discriminator
Lgngth Indicator 1
Version/Protocol ID Extension 1
ID Lengt 1
R | R R]| PDUType 1
Version 1
Reserved 1
Maximum Area Addresses 1
Reserved/Circuit Type 1
Source ID ID Length
Holding Time 2
PDU Length 2
R | Priority 1
LANID ID Length + 1
VARIABLE LENGTH FIELDS VARIABLE
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- Intradomain

Routeing Protocol Discriminator — architectural constant (see table 2)

- Length Indicator — Length of fixed header in octets

- Version/Protocol ID Extension — 1

- ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on
one of the following values:

e Aninteger between 1 and 8, inclusive, indicating an ID field of the corresponding length

e  The value zero, which indicates a 6 octet ID field length

e Theva
All other values
- PDU Type
NOTE 56 Bits 6
- Version -
- Reserved

- Maximum
System Mat

e An inte

155 el D foldt loneth)
2 o) T
are illegal and shall not be used.

(bits 1 through 5) — 16.

7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt.

— transmitted as zero, ignored on receipt

Area Addresses — number of area addresses permitted for this ISs area, as derived from thg
nagement parameter maximumArea-Addresses. This field shall take on of the following values

ger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

e The value zero, which is treated upon reception as if it were equal to three, and which the IS may use

only a valug
NOTE 57 This

- Reserved/
1 and 2) ind

e (-—res
o |- Ley

e 2-1e
will use this

e 3 —bot
2 traffic)

NOTE 58 Inal

of 3 for maximumAreaAddresses.
ield is ignored on receipt.

Circuit Type — Most significant 6 bits reserved (Transmitted as zero, ignored on receipt). Low o
icate:

brved value (if specified the entite PDU shall be ignored)
el 1 only

el 2 only (sender i§ evel 2 Intermediate System with manualL20nlyMode set “True” for th
link only for Level2 traffic)

h Level 1 and Eevel 2 (sender is Level 2 Intermediate System, and will use this link both for Levg

AN, Level 2 ITH PDU the Circuit Type shall be either 2 or 3

value of the

if it supports

rder bits (bits

s circuit, and

11 and Level

- Source ID

— the system 1D of transmitting Intermediate Sysiem

- Holding Time — Holding Timer to be used for this Intermediate System

- PDU Length — Entire length of this PDU, in octets, including header

- Reserved/Priority — Bit 8 reserved (Transmitted as zero, ignored on receipt). Bits 1 through 7 — priority for being LAN
Level 2 Designated Intermediate System. Higher number has higher priority for being LAN Level 2 Designated
Intermediate System. Unsigned integer.

- LAN ID - a field composed the system ID (1-8 octets) of the LAN Level 2 Designated Intermediate System, plus a low
order octet assigned by LAN Level 2 Designated Intermediate System. Copied from LAN Level 2 Designated
Intermediate System’s ITH PDU.

70

© ISO/IEC 2002 — A

11 rights reserved


https://iecnorm.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

- VARIABLE LENGTH FIELDS — fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received PDU that are not recognised shall be ignored.
Currently defined codes are:

e  Area Addresses — the set of manualAreaAddresses of this Intermediate system.

x CODE -1
x LENGTH - total length of the value field.
x VALUE -
No. of Octets
Addrgss Length 1
Area Address Address Length
i i
Addrgss Length 1
Area Address Address Length

- Address Length — Length of area address in octets.
- Area Addrgss — Area address.
NOTE 59 Thjs option field may be omitted, and is ignored on recgipt if present.

¢ Intefmediate System Neighbours — The(set of Intermediate systems on this LAN to whicH adjacencies of
neighborSystemType “L2 Intermediate System™exist in state “Up” or “Initialising” (i.e. those from which Level 2 IIH
PDUs hgve been heard). This is permitted to.appear more than once.

Two typ¢s of codes are defined:

a) [Intermediate System Neighbors with 6 octet MAC address

x CODE -6
x LENGTH - total length of the value field in octets
x VALUE -
No. of Octets
| LAN Address | 6
; N\ a
| |
| LAN Address | 6

o LAN Address (6 octet length) — 6 octet MAC Address of Intermediate System neighbour.
b) Intermediate System Neighbors with variable length SNPA address
x CODE -7

x LENGTH - total length of the value field in octets
x VALUE-
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No. of Octets

Lan Address Length 1
LAN Address LAN Address
(variable length) Length
i i
LAN Address LAN Address
(variable length) Length
e LAN Address Length — length of SNPA address of Intermediate System neighbors.

LAN

dress (\/nrinhlp Ipngfh) — variable ]Pngth SNPA _address of Intermediate Svystem npighhnre

This variab
octets.

le length field shall not be used for the Intermediate System Neighbor of which SNPA caddre

e Padd|ng — This option may occur more than once. It is used to pad the PDU to at least maxsize - 1.
x CODE - 8.
x LEN{GTH - total length of the value field (may be zero).

x VAL

Authe

[UE — LENGTH octets of arbitrary value.

ntication Information — information for performing authentication of the originator of the PDU

x CODE — 10.

x LEN
x VAL

5TH — variable from 1-254 octets
UE —

No. of Octets

Authentical

ion Type 1

Authentication Value

VARIABLE

- Authenticatio
defined:

0 — RESERVE
1 — Cleartext P
2-254 — RESE
255 — Routeing

- Authenticatio
International St4

9.7 Point-t

h Type — a one octet identifier for the type of authentication to be carried out. The followi

D
assword
RVED
Domain private autheéntication method

n Value — dectermined by the value of the authentication type. If Cleartext Password as d
ndard is uséd;-then the authentication value is an octet string.

p-point IS to IS hello PDU

s length is 6

g values are

tfined in this

This PDU is transmitted by Intermediate systems on nonbroadcast circuits, after receiving an ISH PDU from the neighbour
system. Its purpose is to determine whether the neighbour is a Level 1 or a Level 2 Intermediate System. Trailing pad options
are inserted to make PDU Length equal to at least maxsize - I where maxsize is the maximum of

dataLinkBlI

- originating

originating

(see 8.2.3).
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No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
1D Length 1
R | R | R | PDUType 1
Version 1
Reserved 1
Maximum Area Addresses 1
Reserved/Circuit Type 1
Source ID ID Length
Holding Time 2
PDU Length 2
Lpcal Circuit ID 1
VARIAB|LE LENGTH FIELDS | VARIABLE

All other valyes are illegal and shall not be used.

NOTE 60 Bifs 6, 7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt.

Intradorpain Routeing Protocol Discriminator — architectural constant (see table 2)
Length Indicator — Length of fixed header in octets
Version[Protocol ID Extension — 1

ID Length — Length of the ID field of NSAP addresses and NET§ used in this routeing domain. This figld shall take on
one of the following values:

e An integer between 1 and 8, inclusive, indicating an ID ¢ield of the corresponding length
e  The|value zero, which indicates a 6 octet ID field length

e  Thelvalue 255, which means a null ID field (i.e:Zero length)

PDU Type — (bits 1 through 5) — 17.

Version|- 1
Reservgd — transmitted'as zero, ignored on receipt

Maximum Area\Addresses — number of area addresses permitted for this ISs area, as derived from [the value of the
System Management parameter maximumArea-Addresses. This field shall take on of the following valyes:

e Anintegér between 1 and 254 inclusive, indicated a corresponding number of area addresses supportefl.

e The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports
only a value of 3 for maximumAreaAddresses.

Reserved/Circuit Type — Most significant 6 bits reserved (Transmitted as zero, ignored on receipt). Low order bits (bits
1 and 2) indicate:

e 0 —reserved value (if specified the entire PDU shall be ignored)
e 1—Levellonly

e 2 —Level 2 only (sender is Level 2 Intermediate system with manualL20nlyMode set “True” for this circuit, and
will use this link only for Level 2 traffic)

e 3 —both Level 1 and Level 2 (sender is Level 2 Intermediate system and will use this link both for Level 1 and Level
2 traffic)
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- Source ID — the system ID of transmitting Intermediate system

- Holding Time — Holding Timer to be used for this Intermediate system

- PDU Length — Entire length of this PDU, in octets, including header

- Local Circuit ID — 1 octet unique ID assigned to this circuit when it is created by this Intermediate system.
- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE 1
LENGTH T
VALUE LENGTH

Any codes in a feceived PDU that are not recognised shall be ignored.
Currently defindd codes are:

e  Area Addresses — the set of manualAreaAddresses of this Intermediate system

x CODE -1
x LEN{GGTH - total length of the value field.
x VALUE -
No. of Octets
Address |[Length 1
Area Afldress Address Length
i i
Address |[Length 1
Area Afldress Address Length

- Address Length — Length of area address in octets.
- Area Addresq — Area address.

. Padding — This option may.o€eur more than once. It is used to pad the PDU to at least maxsize - 1.

x CODE - 8.
x LENGTH - total length of the value field (may be zero).
x VALUE — LENGTH octets of arbitrary value.

e  Authgntication'Information — information for performing authentication of the originator of the PDU

x CODE<+10.
x LENGTH — variable from 1-254 octets
x VALUE —

No. of Octets
Authentication Type 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values are
defined:

0 — RESERVED

1 — Cleartext Password
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2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in this
International Standard is used, then the authentication value is an octet string.

9.8 Level 1 link state PDU

Level 1 Link State PDUs are generated by Level 1 and Level 2 Intermediate systems, and propagated throughout an area. The
contents of the Level 1 Link State PDU indicates the state of the adjacencies to neighbour Intermediate Systems, or
pseudonodes, and End systems of the Intermediate system that originally generated the PDU.

No. of Octets

Intradomfain Routeing Protocol 1
Discriminator
Lgngth Indicator 1
Version/Protocol ID Extension 1
1D Length 1
R | RI] R | PDUType 1
Version 1
Reserved 1
Maxinjum Area Addresses 1
PDU Length 2
Reipaining Lifetime 2
LSP ID ID Length + 2
Sefuence Number 4
Checksum 2
P | ATT | LSPDBOL | IS Type | 1
VARIAB|LE LENGTH FIELDS VARIABLE

- Intradorpain Routeing Protocol Discrimindtor — architectural constant (see table 2)
- Length Indicator — Length if fixed header in octets
- Version|Protocol ID Extension.— 1

- ID Length — Length of the D field of NSAP addresses and NETs used in this routeing domain. This figld shall take on
one of thie following values:

e An integer betweeti 1 and 8, inclusive, indicating an ID field of the corresponding length
e  Thelvalue-z€ro, which indicates a 6 octet ID field length

e The|valae 255, which means a null ID field (i.e. zero length)

All other values are illegal and shall not be used.

- PDU Type (bits 1 through 5) — 18.

- Version -1

- Reserved — transmitted as zero, ignored on receipt

- Maximum Area Addresses — number of area addresses permitted for this ISs area, as derived from the value of the
System Management parameter maximumArea-Addresses. This field shall take on of the following values:

e  Aninteger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.
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only a value of 3 for maximumAreaAddresses.

PDU Leng

th — Entire Length of this PDU, in octets, including header.

Remaining Lifetime — Number of seconds before LSP considered expired

LSP ID — the system ID of the source of the Link State PDU. It is structured as follows:

No. of Octets

The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports

Source ID ID Length
Pseudonpde TD t
LSP Nymber 1
- Sequence|Number — sequence number of LSP
- Checksum — Checksum of contents of LSP from Source ID to end. Checksum is computed(@s described in
- P/ATT/LSFPDBOL/IS Type
e P —Bi{38, indicates when set that the issuing Intermediate System supports the Rartition Repair optional 1

ATT -

.
x Bit 4 - the Def
x Bit 5 - the Dell
x Bit 6 - the Ex

x Bit 7 - the Err
LSPO

Database is
through the

IS Ty

x 0 — Unused vallue

x 1—(ie bitl

x 2 — Unused vallue

x 3 —(i.e. bits 1

Bits 7-4 indicate, when set, that the issuing Intermediate System is “attached’ to other areas using:
ault Metric

ay Metric

ense Metric

r Metric.

BOL — Bit 3 — A value of 0 indicates\ho’ LSP Database Overload, and a value of 1 indicates
Overloaded. An LSP with this bit set'will not be used by any decision process to calculate routes
originating system.

be — Bits 1 and 2 indicate the type of Intermediate System — One of the following values:

ket) Level 1 Interrnediate system

and 2-set) Level 2 Intermediate system.

y.3.11.

function.

that the LSP
to another IS

- VARIABLELENGTH FIEI DS _ fields of the form-
No. of Octets
CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received LSP that are not recognised are ignored and passed through unchanged.

Currently defined codes are:

Area Addresses — the set of manualAreaAddresses of this Intermediate system. For non-pseudonode LSPs this

option shall always be present in the LSP with LSP number zero, and shall never be present in an LSP with non-zero LSP
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number. It shall appear before any Intermediate System Neighbours or End System Neighbours options. This option
shall never be present in pseudonode LSPs.

x CODE -1

x LENGTH - total length of the value field.

x VALUE -

No. of Octets

Address Length 1
Area Address Address Length
i i
! !
Addrgss Length 1
Area Address Address Length

- Address Length — Length of area address in octets.

- Area Addrgss — Area address.

e origjnatingLSPBufferSize — the local value for originatingl. 1 LSPBufferSize

Thi§ may appear only once in an LSP with any LSP number.

Neighbours or End System Neighbours options.

NOTE 61 It is recommended that this option be used only in the LSP with LSP number zero. However, the pres

this ¢ption in any LSP shall not be required.

x CODE - 14
x LENGTH -2

x VALUE - 512-1492

. Intermediate System Neighbours — Intermediate system and pseudonode neighbours.

It shalliappear before any Interjnediate System

bnce or absence of

This is pprmitted to appear more than once, and in an LSP with any LSP number. However, all the Intermediate System

Neighbqurs options shall precede the End System Neighbours options. i.e. they shall appear before a
Neighbqurs options in the same LSP.-afid'no End System Neighbours options shall appear in an LSP

number.

x CODE - 2.

x LENGTH - 1 plus a multiple of (IDLength+5).

x VALUE —

Virtual Flag
I/E | DefaultMetric
I/E | |Delay Metric

No. of Octets

iy End System
with lower LSP

I/E | ExpemseMetric
I/E Error Metric
Neighbor ID

nnin|o

I/E | Default Metric
I/E | Delay Metric
I/E | Expense Metric
I/E Error Metric
Neighbor ID

nnin|o

1
1
1
1
ID Length + 1

1
1
1
1

ID Length +1

- Virtual Flag is a Boolean. If equal to 1, this indicates the link is really a Level 2 path to repair an area partition. (Level 1
Intermediate Systems would always report this octet as 0 to all neighbours).
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- Default Metric is the value of the default metric for the link to the listed neighbour. Bit 8 of this field is reserved. Bit 7
of this field (marked I/E) indicates the metric type, and shall contain the value “0”, indicating an Internal metric.

- Delay Metric is the value of the delay metric for the link to the listed neighbour. If this IS does not support this metric it
shall set bit “S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates the metric type,

and shall co

ntain the value “0”, indicating an Internal metric.

- Expense Metric is the value of the expense metric for the link to the listed neighbour. If this IS does not support this
metric it shall set bit “S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates the metric
type, and shall contain the value “0”, indicating an Internal metric.

- Error Metric is the value of the error metric for the link to the listed neighbour. If this IS does not support this metric it

shall set bif
and shall cq

- Neighbou
by an octe
Designated
Intermediat]

End S

*“S” to | to indicate that the metric 1s unsupported. Bit 7 of this field (marked I/E) indicates, th
ntain the value “0”, indicating an Internal metric.

r ID. For Intermediate System neighbours, neighbour ID field consists of the neighbopssystem’s

containing the value zero. For pseudonode neighbours, the first ID Length octets” is the 1
Intermediate System’s ID, and the last octet is a non-zero quantity defined by the-LAN Level
e System.

ystem Neighbours — End system neighbours This may appear more thafionce, and in an LSP

number. Sep the description of the Intermediate System Neighbours option above for the relative orderin
Only adjacgncies with identical costs can appear in the same list.
x CODE - 3.
x LEN{GGTH — 4, plus a multiple of IDLength.
x VALUE -
No. of Octets
Virtual Flag 1
0 | VE | Default Metric | 1
S| IVE | Dglay Metric | 1
S | IVE | Expense Metric | 1
S| IVE Efror Metric 1
Neighhor 1D ID Length
| |
i i
| NeighHor ID | ID Length
- Default Mefric is the value offthe-default metric for the link to each of the listed neigh-bours. Bit 8 of this fie

Bit 7 (marked

- Delay Metr
metric it shall
unsupported.

I/E) indicates the metric type, and shall contain the value “0”, indicating an internal metric.

c is the Value of the delay metric for the link to each of the listed neighbours. If this IS does ng
set thewbit “S” to 1 to indicate that the metric is
Bit/7(marked I/E) indicates the metric type, and shall contain the value “0”, indicating an internal

b metric type,

ID, followed
LAN Level 1
1 Designated

with any LSP
o constraints.

d is reserved.

t support this

metric.

- Expense Metric is the value of the expense metric for the link to each of the listed neighbours. If this IS does not support
this metric it shall set the bit “S” to 1 to indicate that the metric is unsupported. Bit 7 (marked I/E) indicates the metric type,

and shall cont:

ain the value “0”, indicating an internal metric.

- Error Metric is the value of the error metric for the link to each of the listed neighbour. If this IS does not support this
metric it shall set the bit “S” to 1 to indicate that the metric is unsupported. Bit 7 (marked I/E) indicates the metric type, and
shall contain the value “0”, indicating an internal metric.

- Neighbour ID — system ID of End system neighbour.

x COD

Authentication Information — information for performing authentication of the originator of the PDU.

E — 10.

x LENGTH — variable from 1-254 octets
x VALUE —
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No. of Octets

Authentication Type 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values are
defined:

0 — RESERVED
1 — Cleartext Password

2-254 — RESERVED

255 — Rout]mg Domain private authentfication method

- Authenticgtion Value — determined by the value of the authentication type. If Cleartext Password as| defined in this
International [Standard is used, then the authentication value is an octet string.

9.9 Leve] 2 link state PDU
Level 2 Link] State PDUs are generated by Level 2 Intermediate systems, and propagdt€d throughout the level 2 domain. The
contents of the Level 2 Link State PDU indicates the state of the adjacencies to ne€ighbour Level 2 Intermediate Systems, or

pseudonodes) and to reachable address prefixes of the Intermediate system that qriginally generated the PDU.

No. of Octets

Intradonfain Routeing Protocol 1
Discriminator
Lgngth Indicator 1
Version/Protocol ID Extension 1
1D Length 1
R | R[] R | PDUType 1
Version 1
Reserved 1
Maxinjum Area Addresses 1
PDU Length 2
Reipaining Lifetime 2
LSP ID ID Length + 2
Sefuence Number 4
Checksum 2
P | ATT | LSPDBOL JISType | 1
VARIABILE LENGTH FIELDS | VARIABLE

- Intradomain(Routeing Protocol Discriminator — architectural constant

- Length Indicator=tengthof fixed headerimoctets
- Version/Protocol ID Extension — 1

- ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on
one of the following values:

e Aninteger between 1 and 8, inclusive, indicating an ID field of the corresponding length
e  The value zero, which indicates a 6 octet ID field length

e  The value 255, which means a null ID field (i.e. zero length)

All other values are illegal and shall not be used.
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- PDU Type (bits 1 through 5) — 20.

NOTE 62 Bits 6, 7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt.
- Version -1

- Reserved — transmitted as zero, ignored on receipt

- Maximum Area Addresses — number of area addresses permitted for this ISs area, as derived from the value of the
System Management parameter maximumArea-Addresses. This field shall take on of the following values:

e Aninteger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

e The vaJue zero, which is treated upon reception as if it were equal to three, and which the IS may uselif it supports
only a valu¢ of 3 for maximumAreaAddresses.

NOTE 63 This field is ignored on receipt.
- PDU Length — Entire Length of this PDU, in octets, including header.
- Remainind Lifetime — Number of seconds before LSP considered expired

- LSP ID - the system ID of the source of the Link State PDU. It is structured as follows:

No. of Octets

Sourcg ID ID Length
Pseudonpde ID 1
LSP Nymber 1

- Sequence|Number — sequence number of LSP
- Checksum — Checksum of contents of LSP from Source ID to end. Checksum is computed as described in §.3.11.

- P/ATT/LSFPDBOL/IS Type
e P —Bi{38, indicates when set that the isSuing Intermediate System supports the Partition Repair optional function.
e ATT - Bits 7-4 indicate, when set, that the issuing Intermediate System is ‘attached’ to other areas using:
NOTE 64 Tlhese bits are ignored on-receipt.

x Bit 4 - thq Default Metric
x Bit 5 - thq Delay Metrie

x Bit 6 - thd Expense Mgtric
x Bit 7 - thq Error Metric.

e LSPDBQL =Bit 3 — A value of 0 indicates no LSP Database Overload, and a value of 1 indicates|that the LSP

Database islOverloaded An [ SP with this hit set will not he nsed hy any decision pracess to calenlate rontes|to another IS

through the originating system.

e IS Type —Bits 1 and 2 indicate the type of Intermediate System — One of the following values:

x 0 — Unused value

x 1 —(1i.e. bit 1 set) Level 1 Intermediate system

x 2 — Unused value

x 3 — (i.e. bits 1 and 2 set) Level 2 Intermediate system.

NOTE 65 In a Level 2 Link State PDU, IS Type shall be 3.
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- VARIABLE LENGTH FIELDS — fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received LSP that are not recognised are ignored and passed through unchanged.

Currently defined codes are:

LSP witl
Interme
LSPs.

Area Addresses — the set of partitionArea-Addresses of this Intermediate system, if the system supports partition
repair, ofherwise the set of areaAddresses of the IS. For non-pseudonode LSPs this option shall always

x C

DE -1

x LENGTH - total length of the value field.
x VALUE —

No. of Octets

Addrgss Length 1

Ared

Address Address Length

Addrd

ss Length 1

Ared

Address Address Length

- Address L4
- Area Addrd

[ )
partition
and whi
never be|
Prefix N

Pa

x C

x LH
X V1
orig
This

ngth — Length of area address in octets.

SS — Area address.

h are currently ATTACHED \this option shall always be present in the LSP with LSP numbe
present in an LSP with non=zero LSP number. It shall appear before any Intermediate System
eighbours options. Thiscoption shall never be present in pseudonode LSPs.

DE — 4.

NGTH - IDLength
ALUE — systemiD of Partition Designated Level 2 Intermediate System for the partition.

natingkSPBufferSize — the local value for originatingL.2LSPBufferSize

Nei

hbours or Prefix Neiochbours ontions
t=] r

be present in the

i LSP number zero, and shall never be present in an LSP with non-zero LSP number. It shall, apppear before any
liate System Neighbours or Prefix Neighbours options. This option shall never beypresent in pseudonode

tition Designated Level 2 Intermiediate System — ID of Designated Level 2 Intermediate| System for the
For non-pseudonode LSPs issued-by Intermediate Systems which support the partition repair gptional function

zero, and shall
Neighbours or

may, appear only once in an LSP with any LSP number. It shall appear before any Interpnediate System

NOTE 66 It is recommended that this option be used only in the LSP with LSP number zero. However, the presence or absence
of this option in any LSP shall not be required.

x CODE - 14
x LENGTH -2
x VALUE - 512 - 1492

Intermediate System Neighbours — Intermediate system and pseudonode neighbours.

This is permitted to appear more than once, and in an LSP with any LSP number. However, all the Intermediate System
Neighbours options shall precede the Prefix Neighbours options. i.e. they shall appear before any Prefix Neighbour
options in the same LSP and no Prefix Neighbour options shall appear in an LSP with lower LSP number.
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x CODE -2.

x LENGTH - 1 plus a multiple of (IDLength+5).

x VALUE -

Virtual Flag

I/E | Default Metric

I/E | Delay Metric

I/E | Expense Metric

njunjnnjo

I/E Error Metric

Neighbor ID

No. of Octets
1
1
1
1
1

ID Length + 1

I/E | Deffault Metric

I'/E|] D

play Metric

I/E | Ex

ense Metric

njniun|o

I/E E

1
1
1
1

ror Metric

Neighbor ID

ID Length +1

82

- Virtual FI
Intermediat|

- Default Metric is the value of the default metric for the link to the listed ‘neighbour. Bit 8 of this field is r

of this field

hg is a Boolean. If equal to 1, this indicates the link is really a Level 2-path to repair an area parti
e Systems would always report this octet as 0 to all neighbours).

(marked I/E) indicates the metric type, and shall contain the-value “0”, indicating an Internal met

tion. (Level 1

bserved. Bit 7
ic.

- Delay Mdtric is the value of the delay metric for the link to the:listéd neighbour. If this IS does not support this metric it

shall set bif “S” to 1 to indicate that the metric is unsupported’Bit 7 of this field (marked I/E) indicates th
and shall cdntain the value “0”, indicating an Internal metric.

- Expense
metric it sh
type, and sh

- Error Mefric is the value of the error metfic for the link to the listed neighbour. If this IS does not supporf

shall set bif
and shall cd

11 set bit “S” to 1 to indicate that the mettic is unsupported. Bit 7 of this field (marked I/E) indica
all contain the value “0”, indicating an Internal metric.

“S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates th
ntain the value “0”, indicating an Internal metric.

b metric type,

Metric is the value of the expense metric-for the link to the listed neighbour. If this IS does ndt support this

tes the metric

this metric it
b metric type,

- NeighboUr ID — For Intermediate System neighbours, the first ID Length octets are the neighbour’s systefn ID, and the
last octet i$ 0. For pseudonode neighbours, the first ID Length octets is the LAN Level 2 Designated| Intermediate
System’s IID, and the last'octet is a non-zero quantity defined by the LAN Level 2 Designated Intermediate System.

3 Prefiy Neighbours — reachable address prefix neighbours

This may appédrymore than once, and in an LSP with any LSP number. See the description of the Intermediate System
Neighbours—optiomabove—tortheTetativeordermgcomstraimts—Omtyadjacences—withrTdenticatcostsTamappear in the
same list.

x CODE - 5.

x LENGTH - Total length of the VALUE field.

x VALUE —

© ISO/IEC 2002 — A
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No. of Octets

of this field is
or may be set to

not support this
the metric type,

this IS does not
E) indicates the
hetric.

not support this
the metric type,

tes a prefix that

s odd, the prefix

SP number zero,
fix Neighbours

U.

0 | VE | Default Metric | 1
S| I/E | Delay Metric | 1
S | I/E | Expense Metric | 1
S| IE Error Metric 1
Address Prefix Length 1
Address Prefix [ Address Prefix
Length /2]
i
i
Address Prefix Length 1
AddrfssPrefix FAddress Pretix
Length /2]
- Defaulf Metric is the value of the default metric for the link to each of the listed neigh-bourss Bit §
reserved| Bit 7 (marked I/E) indicates the metric type, and may be set to zero indicating an intertial metric,
1 indicatjng an external metric.
- Delay Metric is the value of the delay metric for the link to each of the listed neighbours. If this IS does
metric it[shall set the bit “S” to 1 to indicate that the metric is unsupported. Bit 7¢(fnarked I/E) indicates
and may/|be set to zero indicating an internal metric, or may be set to 1 indicating-an' external metric.
- Expenpe Metric is the value of the expense metric for the link to each\of the listed neighbours. If
support this metric it shall set the bit “S” to 1 to indicate that the metri¢_is unsupported. Bit 7 (marked I
metric type, and may be set to zero indicating an internal metric, or may be set to 1 indicating an external 1
- Error Metric is the value of the error metric for the link to each of the listed neighbour. If this IS does
metric it[shall set the bit “S” to 1 to indicate that the metricisyunsupported. Bit 7 (marked I/E) indicates
and may/|be set to zero indicating an internal metric, or may:be set to 1 indicating an external metric.
- Addregs Prefix Length is the length in semi-octets of the following prefix. A length of zero indica
matches pll NSAPs.
- Addregs Prefix is a reachable address prefix‘encoded as described in 7.1.6. If the length in semi-octets i
is paddeql out to an integral number of octets with a trailing
zero senti-octet.
Note that the area addresses listed in the Area Addresses option field of Level 2 Link State PDU with L
are undefstood to be reachablesaddress neighbours with cost zero. They are not listed separately in the Prg
options.
¢ Authentication/dnformation — information for performing authentication of the originator of the PD
x CODE — 10.
x LENGTH— variable from 1-254 octets
X VALUE—
No. of Octets
Authentication Type 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values

are

defined:

0 — RESERVED

1 — Cleartext Password

2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.

© ISO/IEC 2002 — All rights reserved
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9.10 Level 1

complete sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator

Length Indicator

Version/Protocol ID Extension

ID Length

R |R]

R | PDU Type

Version

Reserved

Maximunh Area Addresses

PII

N == = == = =

U Length

S

ource ID ID Length + 1

Stz

rt LSP ID ID Length +2

Ejf

d LSP ID ID Length + 2

VARIABLE

LENGTH FIELDS VARIABLE

- Intradoma
- Length Ind
- Version/Pr

- ID Length
one of the f]

e An intdg
e Theva

e Theva
All other values
- PDU Type
NOTE 67 Bits 6
- Version -
- Reserved

- Maximum
System Mat

n Routeing Protocol Discriminator — architectural constant (see table 2)
icator — Length of fixed header in octets
ptocol ID Extension — 1

— Length of the ID field of NSAP addresses and NETs<used in this routeing domain. This field)
bllowing values:

ger between 1 and 8, inclusive, indicating an ID_fi¢ld of the corresponding length
ue zero, which indicates a 6 octet ID field length

ue 255, which means a null ID field (i.e\z€ro length)
are illegal and shall not be used.
(bits 1 through 5) — 24.

7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt.

— transmittéd as zero, ignored on receipt

Area Addresses — number of area addresses permitted for this ISs area, as derived from thq
nagément parameter maximumaArea-Addresses. This field shall take on of the following values

e Aninteger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

shall take on

value of the

e  The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports
only a value of 3 for maximumAreaAddresses.

- PDU Length — Entire Length of this PDU, in octets, including header

- Source ID — the system ID of Intermediate System (with zero Circuit ID) generating this Sequence Numbers PDU.

- Start LSP ID —the LSP ID of first LSP in the range covered by this Complete Sequence Numbers PDU.

- End LSP ID — the LSP ID of last LSP in the range covered by this Complete Sequence Numbers PDU.

- VARIABLE LENGTH FIELDS - fields of the form:
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No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received CSNP that are not recognised are ignored.

Currently defined codes are:

e LSP Entries — This may appear more than once. The option fields, if they appear more than once, shall appear
sorted into ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE — a list of LSP entries of the form:

No. of Octets

Remain|ng Lifetime 2
LBP ID ID Length + 2
LSP Seqyence Number | 4
Chgcksum 2
| |
| |
Remain|ng Lifetime 2
LBP ID ID Length + 2
LSP Seqyence Number | 4
Chgcksum 2

- Remaining|Lifetime — Remaining Lifetime of LSP.

- LSP ID — system ID of the LSP to which this entry refers.
- LSP Sequence Number — Sequence number of-L.SP.

- Checksum|— Checksum reported in LSP:

The entries shall be sorted into ascending LSPID order (the LSP number octet of the LSPID is the least signifidant octet).
e  Authentication Information — information for performing authentication of the originator of the PIpU.

x CODE — 10.
x LENGTH — variable from 1-254 octets
x VALUE —

No. of Octets
AuthentleationType 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values
are defined:

0 — RESERVED

1 — Cleartext Password

2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.
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9.11 Level 2 complete sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
ID Length 1
R | R | R | PDUType 1
Version 1
Reserved 1
Maximunh Area Addresses 1
PI)U Length 2
Spurce ID ID Length + 1
Stgrt LSP ID ID Length + 2
End LSP ID ID Length +2
VARIABLH LENGTH FIELDS VARIABLE
- Intradomain Routeing Protocol Discriminator — architectural constant (see table 2)
- Length Indicator — Length of fixed header in octets
- Version/Prptocol ID Extension — 1
- ID Length |— Length of the ID field of NSAP addresses and NETs<used in this routeing domain. This field
one of the fpllowing values:
e  Anintdger between 1 and 8, inclusive, indicating an ID_fi¢ld of the corresponding length
e  The value zero, which indicates a 6 octet ID field length
e  The vajue 255, which means a null ID field (i.e\z€ro length)

All other values
- PDU Type
NOTE 68 Bits 6
- Version -
- Reserved

- Maximum
System Mat

are illegal and shall not be used.
(bits 1 through 5) — 25.

7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt

— transmittéd as zero, ignored on receipt

Area Addresses — number of area addresses permitted for this ISs area, as derived from thg
nagément parameter maximumaArea-Addresses. This field shall take on of the following values

e An integer between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

shall take on

value of the

e The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports
only a value of 3 for maximumAreaAddresses.

NOTE 69 This field is ignored on receipt.

- PDU Length — Entire Length of this PDU, in octets, including header

- Source ID — the system ID of Intermediate System (with zero Circuit ID) generating this Sequence Numbers PDU.

- Start LSP ID —the LSP ID of first LSP in the range covered by this Complete Sequence Numbers PDU.

- End LSP ID — the LSP ID of last LSP in the range covered by this Complete Sequence Numbers PDU.
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- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received CSNP that are not recognised are ignored.

Currently defined codes are:

e  LSP Entries — this may appear more than once. The option fields, if they appear more than once, shall appear sorted
into asce, {‘“hg LSPID order

x CODE -9
x LENGTH - total length of the value field.
X VALUE — a list of LSP entries of the form:

No. of Octets

Remain|ng Lifetime 2
LBP ID ID Length + 2
LSP Seqyence Number | 4
Chgcksum 2
| |
i i
Remain|ng Lifetime 2
LBP ID ID Length + 2
LSP Seqyence Number | 4
Chgcksum 2

- Remaining|Lifetime — Remaining Lifetime of LSP.

- LSP ID — tije system ID of the LSP to which this entry refers.
- LSP Sequence Number — Sequence number-of LSP.

- Checksum|— Checksum reported in LSP-

The entries shall be sorted into as€ending LSPID order (the LSP number octet of the LSPID is the least signifidant octet).
e  Authentication Information — information for performing authentication of the originator of the PIpU.

x CODE — 10,
x LENGTH <\ variable from 1-254 octets
X VALUE—~

No_of Octets

Authentication Type 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values
are defined:

0 — RESERVED

1 — Cleartext Password

2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.
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9.12 Level 1

partial sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator

Length Indicator

Version/Protocol ID Extension

ID Length

R |R]

R | PDU Type

Version

Reserved

Maximunh Area Addresses

PII

N == = == = =

U Length

S

ource ID ID Length + 1

VARIABLE

LENGTH FIELDS VARIABLE

- Intradoma
- Length Ind

- Version/Pr

- ID Length
one of the f}

e An inte
e Theva
e Theva

All other values
- PDU Type|
NOTE 70 Bits 6
- Version -
- Reserved

- Maximum
System Mat

e An inte

n Routeing Protocol Discriminator — architectural constant (see table 2)
icator — Length of fixed header in octets

ptocol ID Extension — 1

— Length of the ID field of NSAP addresses and NETs used in‘this routeing domain. This field
bllowing values:

ger between 1 and 8, inclusive, indicating an ID field of the.corresponding length
ue zero, which indicates a 6 octet ID field length

ue 255, which means a null ID field (i.e. zero length)
are illegal and shall not be used.
(bits 1 through 5) — 26.

7 and 8 are Reserved, which meang they are transmitted as 0 and ignored on receipt.

— transmitted as zefo,)ignored on receipt

Area Addresses’ — number of area addresses permitted for this ISs area, as derived from thg
nagement parameter maximumArea-Addresses. This field shall take on of the following values

ger between | and 254 inclusive, indicated a corresponding number of area addresses supported.

e The v

udero, which is treated upon reception as if it were equal to three, and which the IS may use

L2 H A Al
Only a valuc-of3formaximumAreaAddresses:

- PDU Length — Entire Length of this PDU, in octets, including header

shall take on

value of the

if it supports

- Source ID - the system ID of Intermediate system (with zero Circuit ID) generating this Sequence Numbers PDU.

- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE

LENGTH

VALUE

1
1
LENGTH

Any codes in a received PSNP that are not recognised are ignored.
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Currently defined codes are:

. LSP Entries — this may appear more than once. The option fields, if they appear more than once, shall appear sorted
into ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE - a list of LSP entries of the form:

No. of Octets

Remaining Lifetime 2
LSP ID ID Length + 2

LSP Sequence Number | 4

Chgcksum 2

i !

Remain|ng Lifetime 2
LBP ID ID Length + 2

LSP Seqyence Number | 4

Chgcksum 2

- Remaining|Lifetime — Remaining Lifetime of LSP.

- LSP ID - thje system ID of the LSP to which this entry refers.
- LSP Sequence Number — Sequence number of LSP.

- Checksum|— Checksum reported in LSP.

The entries shall be sorted into ascending LSPID order (the:!SP number octet of the LSPID is the least signifidant octet).
e  Authentication Information — information for performing authentication of the originator of the PIpU.

x CODE — 10.
X LENGTH — variable from 1-254 octéts
X VALUE —

No. of Octets
Authentjcation Type 1
Authentifcation Value VARIABLE

- AuthenticationyFype — a one octet identifier for the type of authentication to be carried out. The following values
are dlefined:

0 — RESERVED
1 & CEleartext Password
29254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.

© ISO/IEC 2002 — All rights reserved 89


https://iecnorm.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

9.13 Level 2

partial sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
ID Length 1
R | R | R | PDUType 1
Version 1
Reserved 1
Maximunh Area Addresses 1
PI)U Length 2
Spurce ID ID Length + 1
VARIABLH LENGTH FIELDS VARIABLE
- Intradomain Routeing Protocol Discriminator — architectural constant (see table 2)
- Length Indicator — Length of fixed header in octets
- Version/Prptocol ID Extension — 1
- ID Length |— Length of the ID field of NSAP addresses and NETs used, in-this routeing domain. This field
one of the fpllowing values:
e Anintdger between 1 and 8, inclusive, indicating an ID field.of the corresponding length
e The value zero, which indicates a 6 octet ID field length
e  The vajue 255, which means a null ID field (i.e. zero length)

All other values
PDU Type,
Version —
Reserved

Maximum

System Ma
e Anintd

only a valug

The value Zero, which is treated upon reception as if it were equal to three, and which the IS may use

are illegal and shall not be used.

(bits 1 through 5) — 27.

— transmitted as zerogighored on receipt

Area Addresses.—— number of area addresses permitted for this ISs area, as derived from thg
hagement parameter maximumArea-Addresses. This field shall take on of the following values

ger betwéen 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

of3/for maximumAreaAddresses.

NOTE 71

This field is ignored on receipt.

PDU Length — Entire Length of this PDU, in octets, including header

- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE

1

LENGTH

1

VAL

UE LENGTH

Any codes in a received PSNP that are not recognised are ignored.

920

shall take on

value of the

if it supports

Source ID — the system ID of Intermediate system (with zero Circuit ID) generating this Sequence Numbers PDU.
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Currently defined codes are:

. LSP Entries — this may appear more than once. The option fields, if they appear more than once, shall appear sorted
into ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE - a list of LSP entries of the form:

No. of Octets

Remaining Lifetime 2
LSP ID ID Length + 2

LSP Sequence Number | 4

Chgcksum 2

i !

Remain|ng Lifetime 2
LBP ID ID Length + 2

LSP Seqyence Number | 4

Chgcksum 2

- Remaining|Lifetime — Remaining Lifetime of LSP.
- LSP ID — tije system ID of the LSP to which this entry refers.
- LSP Sequence Number — Sequence number of LSP.

- Checksum|— Checksum reported in LSP. The entries shall be sotted into ascending LSPID order (the LSP jnumber octet of
the LSPID is|the least significant octet).

e  Authentication Information — information for petforming authentication of the originator of the PIpU.

x CODE — 10.
X LENGTH — variable from 1-254 octets
X VALUE —

No. of Octets
Authentjcation Type 1
Authentication Value VARIABLE

- Authentication Type = a one octet identifier for the type of authentication to be carried out. The following values
are dlefined:

0 — RESERVED

1 — Cleastext Password

2-254 =~ RESERVED

255~ Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.

10 System environment

10.1 Generating jitter on timers

When PDUs are transmitted as a result of timer expiration, there is a danger that the timers of individual systems may become
synchronised. The result of this is that the traffic distribution will contain peaks. Where there are a large number of
synchronised systems, this can cause overloading of both the transmission medium and the systems receiving the PDUs. In
order to prevent this from occurring, all periodic timers, the expiration of which can cause the transmission of PDUs, shall
have “jitter” introduced as defined in the following algorithm.
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CONSTANT
Jitter = 25;

(* The percentage jitter as defined in the architectural constant Jitter *) (see table 2)
Resolution = 100;
(* The timer resolution in ms *)

PROCEDURE

Random(max : Integer): Integer;

(* This procedure delivers a Uniformly distributed
random integer R such that 0 <R < max *)

PROCEDURE WaitUntil(time: Integer)

(* This

procedure waits the specified number of ms and then returns *)

PROCEDURE CurrentTime(): Integer

(* Thig

PROCEDURE
DefinelJitteredT
Integer; expirati

VAR
baseTimeValue
: Integer;
nextexpiration :

BEGIN
baseTimeValue
/ Resolution;
maximumTimel
100; (* Comput
WHILE runnin
BEGI)
(* First

procedure returns the current time in ms*)

mer(baseTimeValueInSeconds:
pbnAction : Procedure);

maximumTimeModifier, waitTime

Time;

= baseTimeValueInSeconds * 1000

Modifier := baseTimeValue * Jitter /
e maximum possible jitter *)

> DO

N
compute next expiration time *)

randonj
Rando

waitTime := baseTimeValue -randoniTitheModifier;
nextexpiration := CurrentTime() +‘waitTime;

(* Then perform expiration Action. *)
expiratjonAction;

WaitUntil(nextexpiration);

END (* of Loog
END (* of Defi

Thus the call
“SendHelloPDU
the value of “ra

TimeModifier :=
(maximumTimeModifier);

")

helittered Timer )

‘DefineditteredTimer(HelloTime, SendHello-PDU);” where “HelloTime” is 10 s, will caus
”” to belperformed at random intervals of between 7,5 and 10 s. The essential point of this algorith
ndomTimeModifier” is randomised within the inner loop. Note that the new expiration time is se

e the action
m is that
immediately

on expiration of

the last mterval, rather than when the expiration action has been completed.

The time resolution shall be less than or equal to 100 ms. It is recommended to be less than or equal to 10 ms. The time
resolution is the maximum interval that can elapse without there being any change in the value of the timer. The periodic trans-
mission period shall be random or pseudo-random in the specified range, with uniform distribution across similar
implementations.

10.2 Resolution of timers

All timers specified in units of seconds shall have a resolution of no less than +1 s.

All timers specified in units of ms shall have a resolution of no less than 10 ms.
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10.3 Requirements on the operation of ISO 9542

This International Standard places certain requirements on the use of ISO 9542 by Intermediate systems which go beyond

those mandat

a)

ory requirements stated in the conformance clause of ISO 9542. These requirements are

includes:

1)
2)
3)

When s¢g
numericy
usage in
titles.

10.4 Requ

If the area p
number of Ej
ISs shall ther

11 Syst

The IS sha

the reception of ESH PDUs on all types of circuits;
the transmission of ISH PDUs on broadcast circuits; and
the transmission and reception of ISH PDUs on point-to-point circuits.

nding ISH PDUs, or redirecting an End system to a neighbour Intermediate system, as describa
Ily lowest Network Entity title shall be chosen as the NET placed in the ISO 9542 PDU.'This mi
the End systems by ensuring that all ISs identify themselves and each other to ESs usingithe samg

irements on the operation of ISO 8473

id system functions of ISO 8473 (such as NPDU reassembly) as welhas the Intermediate system
pfore conform to both the End system and Intermediate system requirements of ISO 8473

em management

11.1 Gengral

The operatiop of the Intra-domain IS—IS routeing functions may be monitored and controlled using System M

clause is the
Generic man

The containn
Annex E con

GDMO impqg
definition in

management specification for this International Standard in the GDMO notation as defined in IS

ient hierarchy for this International Standard is illustrated below in figure 8.

tains a number of definitions which are intended to be incorporated in ISO/IEC 10165-5. In tho
rted definition cannot\be found by consulting ISO/IEC 10165-5, or conflicts with the definition
Annex E shall be tised.

© ISO/IEC 2002 — All rights reserved

The IS shall operate the Configuration Information functions on all types of subnetworks supported by the IS. This

d in 7.4.3.3, the
himises memory

Network Entity

rtition repair functions described in 7.2.10 are implemented by the Intermediate system, then the IS requires a

functions. Such

hnagement. This
O/IEC 10165-4.
iged object and attribute definitions<are imported from ISO/IEC 10165-5 and from ISO/IEC 10733.

e cases where a
in Annex E, the
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-11.2  GJ

--11.2.1 Com
--11.2.1.1 Beh

supplyValueOn

DEFINED A
Value

Operat

resetting Timer-]
DEFINED A
This at]

of this

take th

was ch

interva

same a

Network
Entity

CLNS
(ISO/IEC 10589
Package)

| Level 2 Only

Defined in ISO/IEC 10733,

tnkage
(ISO/IEC 10589
Package)

Virtual
Adjacency

Destination
Area

Destination
System

Reachable

Adjacency Address

Figure 8 - Containment and naming hierarchy

)M O definition

mon GDMO definitions

aviours

Create-B BEHAVIOUR

S

s supplied either by the protocol machine if the MO is automatically created, or supplied via
on. The value cannot be\changed thereafter.;

8B BEHAVIOUR
S
ribute specifies the interval between certain events in the operation of the protocol state machin
attribute.is-changed to a new value while the protocol state machine is in operation, the implem
e neg€ssary steps to ensure that for any time interval which was in progress when the correspon|

the CREATE

. If the value
entation shall
ding attribute

start of that

anged, the next expiration of the that interval takes place the specified time after the origina

s that associated with the basic operation of the timer attribute;

resettingHoldingTimer-B BEHAVIOUR
DEFINED AS

This attribute specifies the interval between certain events in the operation of the protocol state machine. If the value

of this attribute is changed to a new value while the protocol state machine is in operation, the implementation shall

take the necessary steps to ensure that for any time interval which was in progress when the corresponding attribute

was changed, the next expiration of that interval takes place no later than the expiration of the interval in progress or

the specified interval, whichever is sooner. The precision with which this time shall be implemented shall be the

same a

94

s that associated with the basic operation of the timer attribute;

| shall be the
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replaceOnlyWhileDisabled-B BEHAVIOUR
DEFINED AS
This attribute shall only permit the REPLACE operation to be performed on it while the MO is

in the Disabled

Operational State. An attempt to perform a REPLACE operation while the MO is in the Enabled Operation State shall

fail with the generation of the constraintViolation specific error.;

resourceLimiting-B BEHAVIOUR
DEFINED AS
This attribute places limits on some "resource". In general implementations may allocate resources

up to this limit

when the managed object is enabled and it may be impossible to change the allocation without first disabling and re-
enabling the managed object. Therefore this International Standard only requires that it shall be possible to perform a

REPLACE operation on this attribute while the MO is disabled. However some implementations

may be able to

charfge the allocation of resources without Tirst disabling the MO. In this case it is permitted to incrg
the attribute at any time, but it shall not be decreased below the currently "used" value of the res
attempt to perform a REPLACE operation fails either because the MO is enabled, or because an 4
madg to decrease the value, the REPLACE operation shall fail with the generation of the gonstraintV

addressPrefiy ATTRIBUTE
WITH AT BUTE SYNTAX ISIS.AddressPrefix;
MATCHES|FOR EQUALITY, SUBSTRINGS;
BEHAVIOUR addressPrefix-B BEHAVIOUR
DEFINELD) AS An Area Address of a destination area or a prefix for a reachable address;;
REGISTERED AS {ISIS.aoi addressPrefix (98)};

authenticatiopFailures ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR authenticationFailures-B BEHAVIOUR
DEFINED AS Count of authentication Failure events;;
REGISTERED AS {ISIS.aoi authenticationFailures (117)};

networkEntityTitle ATTRIBUTE

ase the value of
urce. Where an
ttempt has been
iolation specific

conditions, for example while the MO is in the disabled operational state,;;
REGISTERED AS {ISIS.proi constraintViolation (10)};

notificationReceivingAdjacency PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.LocalDistinguishedName;
BEHAVIOUR notificationReceivingAdjacency-B BEHAVIOUR
DEFINED AS The local managed object name of the adjacency upon which the NPDU was received;;
REGISTERED AS {ISIS.proi notificationReceivingAdjacency (11)};

notificationDLength PARAMETER

CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.IDLength;
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BEHAVIOUR notificationlDLength-B BEHAVIOUR
DEFINED AS The IDLength specified in the ignored PDU;;

REGISTERED

AS {ISIS.proi notificationDLength (12)};

notificationAreaAddress PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.AreaAddress;

BEHAVIOUR

notificationAreaAddress-B BEHAVIOUR

DEFINED AS The Area Address which caused MaximumAreaAddresses to be exceeded;;

REGISTERED

AS {ISIS.proi notificationAreaAddress (13)};

notificationAreaAddresses PARAMETER

CONTEXT EN
WITH SYNTA
BEHAVIOUR

DEFINED A
REGISTEREL

notificationSou
CONTEXTE

REGISTERE

notificationVirt
CONTEXT E\
WITH SYNTA
BEHAVIOUR|
DEFINED A

| X ISIS.AreaAddresses;

S The set of Area Address from the neighbour’s IIH PDU;3;

ENT-INFO;
notificationAreaAddresses-B BEHAVIOUR
AS {ISIS.proi notificationAreaAddresses (29)};

eld PARAMETER
ENT-INFO;

AS {ISIS.proi notificationMaximumAreaAddresses (28)};

icates whether the event was generated as a result of the creation or deletion of a Virtual Link
Intermediate Systems:s;
AS {ISIS.proi notifieationVirtualLinkChange (15)};

alLinkAddresssPARAMETER

'ENT-INFO;

| X ISIS:NLAddress;

notificationVirtualLink Address-B BEHAVIOUR
S

The Network Entity Title of the Level 2 Intermediate Sysfem af the remote end of the virtual [ink;,
REGISTERED AS {ISIS.proi notificationVirtualLinkAddress (16)};

notificationSystemld PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.Systemld;

BEHAVIOUR

notificationSystemId-B BEHAVIOUR

DEFINED AS The system ID of the source system generating the notification;;
REGISTERED AS {ISIS.proi notificationSystemld (19)};

notificationVers

ion PARAMETER

CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.Version;

BEHAVIOUR

96

notificationVersion-B BEHAVIOUR

between two
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DEFINED AS The version number reported by the other system;;
REGISTERED AS {ISIS.proi notificationVersion (23)};

notificationDesignatedIntermediateSystemChange PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.DesignatedISChange;
BEHAVIOUR notificationDesignatedIntermediateSystemChange-B BEHAVIOUR
DEFINED AS The direction of the change in Designated Intermediate System status of this system;;
REGISTERED AS {ISIS.proi notificationDesignatedIntermediateSystemChange (24)};

notificationOverloadStateChange PARAMETER
CONTEXT EVENT-INFO;

WITH SYNTAXISIS.OverloadStateChange;

BEHAVIOUR notificationOverloadStateChange-B BEHAVIOUR
DEFINED AS The direction of the change in Overload status;;

REGISTERED AS {ISIS.proi notificationOverloadStateChange (25)};

BEHAVIOUR notificationLSPHeader-B BEHAVIOUR
DEFINED |AS The header of the LSP;;
REGISTERED AS {ISIS.proi notificationLSPHeader(30)};

--11.2.2 Cqnditional packages attached to-objects defined in ISO/IEC 10733

--11.2.2.1 Basis ISIS package attached to cENS managed object

cLNSISISBapic-P PACKAGE
BEHAVIOUWR cLNSISISBasicImported AlarmNotifications-B BEHAVIOUR
DEFINED AS

Impprts the communicationsAlarm notification from ISO/IEC 10165-2. It is used to report the following protocol

everts:

pDUDiscard:
Gengprated when an 8473 data PDU is discarded. In addition to the parameters specified by ISO/IEC

10733, the local

adjapencyld of the adjacency upon which the NPDU was received shall be reported in the additionalllnformation field

using.Sthe notificationReceivingAdjacency parameter. The significance sub-parameter of
Lall 1 4+ 4o ¢+l 1 LY PN s 4+ o £) 3

each item of

ranol ot 41 et 10 that PP S 11 h
additenaHntermation—shal-besetto-thevalve—false' {e—not-stentfieantse—that-armanaste—system receiving the

event report will be less likely to reject it.

ISPL1DatabaseOverload:

Generated when the 11State of the system changes between On and Waiting or Waiting and On. The resulting state,
shall be reported in the additionallnformation field using the notificationOverload-StateChange parameter and in the
case of Waiting the Sourceld of the LSP which precipitated the overload shall be reported in the
additionallnformation field using the notificationSourceld parameter. The significance sub-parameter of each item of
additionallnformation shall be set to the value "false" (i.e. not significant) so that a managing system receiving the
event report will be less likely to reject it. The value ISIS.ISPL1DatabaseOverload shall be reported in the
specificProblems parameter. The probable-Cause shall be set to NLM.resourceAtOrNearingCapacity. The
perceivedSeverity shall be set to Major’. A subsequent communicationsAlarm with a perceivedSeverity value of
"Cleared" shall not be generated. No other fields or parameters shall be used, with the exception of further parameters
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98

in the additionallnformation field. The occurrence of this event shall be counted by the ISPL1Database-Overloads
counter.

manualAddressDroppedFromArea:

Generated when one of the manualareaAddresses assigned to this system is ignored when computing
partitionAreaAddresses or arcaAddresses because there are more than MaximumAreaAddresses distinct Area
Addresses. The ignored Area Address shall be reported in the additionallnformation field using the
notificationAreaAddress parameter. The significance sub-parameter of each item of additionallnformation shall be set
to the value "false" (i.e. not significant) so that a managing system receiving the event report will be less likely to
reject it. The event is generated once for each Area Address in manualAreaAddresses which is dropped. It is not
generated again for that Area Address until after it has been reinstated into areaAddresses (i.e. it is only the action of
dropping the Area Address and not the state of being dropped, which causes the event to be generated). The value

ISIS.m|
be set
commy
paramg
of this

corrupt
Genera
reporte}
perceiy
"Clearsg
in the 4

attemp
Genera
numbe
parame
to "Maj
No oth
field. T

iDFielq
Genera
system
notificg
of addi
event

specifi
perceiy
"Clearg
in the 4

maxim
Genera

to NLM.configurationOrCustomisationError. The perceived-Severity shall be set to *Major.!

subsequent

hnual AddressDroppedkromArea shall be reported 1n the speciticProblems parameter. The proba%eCause shall

nicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated-'No o
ters shall be used, with the exception of further parameters in the additional-Informatied freld. T
pvent shall be counted by the manual AddressDroppedFromAreas counter.

edLSPDetected:

ted when a corrupted Link State PDU is detected in memory. The value ISIS!corruptedLSPDet
d in the specificProblems parameter. The probableCause shall \be/set to NLM.corry
edSeverity shall be set to "Minor’. A subsequent communicationsAlatm with a perceivedSevyd
d" shall not be generated. No other fields or parameters shall be used,)with the exception of furth
dditionallnformation field. The occurrence of this event is counted, by the corruptedLSPsDetected

ToExceedMaximumSequenceNumber:

ted when an attempt is made to increment the sequence number of an LSP beyond the maxim
. The value ISIS.attemptToExceedMaximumSequenceNumber shall be reported in the spe
ter. The probableCause shall be set to NLM.commudiicationsProtocolError. The perceivedSeveri
or’. A subsequent communications-Alarm with-a‘perceivedSeverity value of "Cleared" shall not
er fields or parameters shall be used, with the exception of further parameters in the addition
he occurrence of this event is counted by glie attemptsToExceedMaximumSequenceNumber coun

LengthMismatch:
ted when a PDU is received with_a different value for ID field length to that of the receiving
The received ID LENGTH-arid SOURCE ID are reported in the additionallnformation fi
tionI[DLength and notificationSourceld parameters respectively. The significance sub-parameter
tionallnformation shall be set to the value "false" (i.e. not significant) so that a managing system
eport will be lessdikely to reject it. The value ISIS.iDFieldLengthMismatch shall be rej
Problems parameter” The probableCause shall be set to NLM.configurationOr-Customisati
edSeverity shall be set to "Major’. A subsequent communicationsAlarm with a perceivedSevg
d" shall notbegenerated. No other fields or parameters shall be used, with the exception of furth
dditionaliformation field. The occurence of this event is counted by the iDFieldLengthMismatch

hmAtedAddressesMismatch:
tedwhen a PDU is received with a different value for maximumAreaAddresses from that of

er fields or
he occurrence

bcted shall be
ptData. The
rity value of
er parameters
counter.

um sequence
rificProblems
y shall be set
be generated.
hlInformation
er.

Intermediate
bld using the
of each item
receiving the
orted in the
bnError. The
rity value of
er parameters
es counter.

the receiving

Intermediate” sysfem. The received Maximum Area AdJdresses and Source D are reported in the addi-
tionallnformation field using the notificationMaximumAreaAddresses and notificationSourceld parameters
respectively. The significance sub-parameter of each item of additionallnformation shall be set to the value "false"
(i.e. not significant) so that a managing system receiving the event report will be less likely to reject it. The value
ISIS.MaximumAreaAddressesMismatch shall be reported in the specificProblems parameter. The probableCause
shall be set to NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
communicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionalln-formation field. The occurence
of this event is counted by the MaximumAreaAddressesMismatches counter.

ownLSPPurge:

Generated when a zero aged copy of a system’s own LSP is received from some other system. This represents an
erroneous attempt to purge the local system’s LSP. The value ISIS.ownLSPPurge shall be reported in the
specificProblems parameter. The probableCause shall be set to NLM.communicationsProtocolError. The
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perceivedSeverity shall be set to ’Minor’. A subsequent communicationsAlarm with a perceivedSeverity value of
"Cleared" shall not be generated. No other fields or parameters shall be used, with the exception of further parameters
in the additionallnformation field. The occurrence of this event is counted by the ownLSPPurges counter.

originatingL SPBufferSizeMismatch:
Generated when a Level 1 LSP or Level 2 LSP is received which is larger than the local value for
originatingl. 1 LSPBufferSize or originatingL2LSPBufferSize respectively or when a Level 1 LSP or Level2 LSP is
received containing the originatingLSPBufferSize option and the value in the PDU option field does not match the
local value for originatingl.1LSPBufferSize or originatingl 2L SPBufferSize respectively. The contents of the LSP
header are reported in the additionallnformation field using the notificationLSPHeader parameter. The significance
sub-parameter of each item of additionallnformation shall be set to “False” (i.e. not significant) so that a managing
system receiving the event report will be less likely to reject it. The value ISIS.originatingL.SPBufferSizeMismatch

shal
NLN
com|
para
of th

ISPToo]]
Gen|
circy
noti
to “I
valyl
be ¢
com
para
of th

cLNSISISBa
DEFINEI
Imp

ever

seqy
Gen|
ISIS
used
seqy

ATTRIBUTH
version G
iSType IN
systemld
maximumy

REH

be reported 1 the specificProblems parameter. I'he probable cause
1.configurationOrCustomisationError.  The perceivedSeverity shall be set to “Minof®,
municationsAlarm with a perceivedSeverity value of “Cleared” shall not be generated.) No
meters shall be used, with the exception of further parameters in the additionallnformation field.
is event is counted by the originatingl SPBufferSizeMismatches counter.

LargeToPropagate:
erated when an attempt is made to propagate an LSP PDU which is lapgerthan the dataLink
hit.  The contents of the LSP header are reported in the -additionallnformation f
ficaitonLSPHeader parameter. The significance sub-parameter of each item of additionallnforms
False” (i.e. not significant) so that a managing system receiving the.¢vent report will be less likely|
e ISIS.ISPTooLargeToPropagate shall be reported in the specifiéProblems parameter. The prob

municationsAlarm with a preceivedSeverity value of “Cleared” shall not be generated. No
meters shall be used, with the exception of further parameters in the additionallnformation field.
is event is counted by the ISPTooLargeToPropagate counter. ;,

sicImportedInfoNotifications-B BEHAVIOUR

AS
brts the communicationsInfomation notifieation from ISO/IEC 10165-5. It is used to report the fo
ts.

enceNumberSkip:

erated when the sequenc€\‘\number of an LSP is incremented by more than of
, with the exception ofyparameters in the informationData field. The occurrence of this event is

enceNumberSkips couiter. ;;

S

5T,

ITIAL VALUE DERIVATION RULE supplyValueOnCreate-B GET,
GET,

PathSplits

LACE-WITH-DEFAULT

shall be

et to NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to “Major’]

set to
A subsequent
other fields or
The occurrence

BlockSize for a
jeld using the
tion shall be set
to reject it. The
able cause shall

A subsequent
other fields or
The occurrence

lowing protocol

ie. The value

.sequenceNumberSkip shall.be reported in the informationType parameter. No other fields or pafameters shall be

counted by the

DEFAULT VALUE ISIS maximumPathSphts-DeTault
GET-REPLACE,

minimumLSPTransmissionInterval
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.minimumLSPTransmissionlnterval-Default
GET-REPLACE,

maximumLSPGenerationlnterval
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.maximumLSPGenerationInterval-Default
GET-REPLACE,

minimumBroadcastLSPTransmissionInterval
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.minimumBroadcastLSPTransmissionInterval-Default
GET-REPLACE,
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-- Note: this is defined for all Circuits, but would only be required if one of them were a broadcast Circuit
completeSNPInterval
REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.completeSNPInterval-Default

GET-REPLACE,
-- Note: this is defined for all linkages, but would only be required if one of them were a broadcast linkage

originatingl.1

LSPBufferSize

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.originatingl. 1 LSPBufferSize-Default

GET-REPLACE,
manualAreaAddresses
REPLACE-WITH-DEFAULT

DEFA
maximumAr
REPLA
DEFAL
GET-R
minimumLS
REPLA
DEFAL
GET-R
pollESHellol
REPLA
DEFAL
GET-R
partial SNPIn
REPLA
DEFAL
GET-R
waitingTime
REPLA/
DEFAL
GET-R
dRISISHello
REPLA
DEFAL
GET-R
11State GET
areaAddress
corruptedLS]
ISPL1Databs
manual Addryg
attemptsToE
sequenceNur]
ownLSPPurg
iDFieldLeng

baAddresses
\CE-WITH-DEFAULT

EPLACE,
PGenerationlnterval
\CE-WITH-DEFAULT

EPLACE,

Rate

\CE-WITH-DEFAULT

UL T VALUE ISIS.pollESHelloRate-Default
EPLACE,

terval

\CE-WITH-DEFAULT

JLT VALUE ISIS.partial SNPInterval-Default
EPLACE,

\CE-WITH-DEFAULT

JLT VALUE ISIS.waitingTime-Default
EPLACE,

Timer

\CE-WITH-DEFAULT

ULT VALUE ISIS.dRISISHelloTimer-Default
IEPLACE,

s GET,

PsDetected GET,

seOverloads GET,
ssesDroppedFromArea GET,
kceedMaximumSequenceNumber GET,
hberSkips.GET,

es GET,

hiMismatches GET,

LT VALUE ISIS.manualAreaAddresses-Detault GET ADD-REMOVE,

ULT VALUE ISIS.maximumAreaAddresses-Default

ULT VALUE ISIS.minimumLSPGenerationInterval-Default

maximumArcaAddressesMismatches GET,
originatingl. SPBufferSizeMismatches GET,
ISPTooLargeToPropagate GET;

ATTRIBUTE
"Rec. X.723

GROUPS
| ISO/IEC 10165-5":counters

corruptedLSPsDetected
ISPL1DatabaseOverloads

manual AddressesDroppedFromArea
attemptsToExceedMaximumSequenceNumber
sequenceNumberSkips

ownLS

PPurges

iDFieldLengthMismatches
maximumAreaAddressesMismatches,

"Rec. X.721

100

| ISO/IEC 10165-2 : 1992":state
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11State;
NOTIFICATIONS

"Rec. X.7
noti
noti
noti
noti
noti
noti
noti
noti
noti

"Rec. X.7

REGISTER

-11.2.2.2 1

cLNSISISLe
BEHAVIO

DEFINED

Imp

(Y1

ISPI
geng

shal

caseg
addj
addj
ever
sped
perd
"Clg

in t}

21 | ISO/IEC 10165-2 : 1992":communicationsAlarm
ficationAreaAddress

ficationIDLength

ficationMaximumAreaAddresses
ficationOverloadStateChange
ficationReceivingAdjacency

ficationSourceld

ficationSystemld

ficationLSPHeader
ficationlSPTooLargeToPropagate,

10589:2002(E)

P3| ISO/IEC 10165-5":communicationsIntormation;
[ED AS {ISIS.poi cLNSISISBasic-P (1)};

evel 2 ISIS package attached to cLNS managed object

el2-P PACKAGE
[JR cLNSISISLevel2ImportedAlarmNotifications-B BEHAVIOUR
AS

ts.

| 2DatabaseOverload:

rated when the L2State of the system changes between On and-Waiting or Waiting and On. Th

be reported in the additionallnformation field using the notification-OverloadStateChange para
of Waiting the Sourceld of the LSP which precipitated the overload shall be r

t report will be less likely to reject it. The(¥alue ISIS.ISPL2DatabaseOverload shall be

civedSeverity shall be set to "Major’. A_stibsequent communicationsAlarm with a perceivedS

le additionallnformation field. The eccurence of this event shall be counted by the ISPL2Dat

counter.

ATTRIBU]
originatin,
REH

DEH

GE1

12State GI

ISPL2Dat
ATTRIBU
"Rec. X.7
ISP

"Rec. X.7

[ES

b1 21 SPBufferSize

LACE-WITH-DEFAULT

AULT VALUE ISIS.originatingL2LSPBufferSize-Default
-REPLACE,

T,

hbaseOverloads GET;

[E GROUPS

P3 | ISOAEC 10165-5":counters

[ 2DatabaseOverloads,

b1 PIQAO Ao 101048 2

10000

tionallnformation field using the notificationSourceld\parameter. The significance sub-parametet
tionalInformation shall be set to the value "false" ‘(i:€. not significant) so that a managing syste

ificProblems parameter. The probableCause: shall be set to NLM.resourceAtOrNearing

ared" shall not be generated. No other fields or parameters shall be used, with the exception of ful

brts the communicationsAlarm notification from ISO/IEC 10165-2. It sused to report the following protocol

b resulting state,
meter and in the
eported in  the
of each item of
m receiving the
reported in the
-Capacity. The
everity value of
rther parameters
hbase-Overloads

o
T IoUMNLEC TUTUI= L7 oldiv

12State;
NOTIFICATIONS
"Rec. X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
notificationOverloadStateChange
notificationSourceld ;
REGISTERED AS {ISIS.poi cLNSISISLevel2-P (2)};

--11.2.2.3 ISIS partition repair package attached to the cLNS managed object

cLNSISISPartitionRepair-P PACKAGE
BEHAVIOUR cLNSISISPartitionRepair-P-ImportedInfoNotifications-B BEHAVIOUR

DEFINED

AS
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Imports the communicationsInformation notification from ISO/IEC 10165-5. It is used to report th
protocol events.

partitionVirtualLinkChange:

ATTRIBUTESF
maximumVirtual Adjacencies

partitionArepAddresses GET,

partitionDesjignatedL.2IntermediateSystem GET,

partitionVirgualLinkChanges GET;
ATTRIBUTE|GROUPS

"Rec. X.723|| ISO/IEC 10165-5":counters

NOTIFICATIPNS
"Rec. X.723|| ISO/IEC 10165-5":communicationsInformation

REGISTEREI AS {ISIS.poi cLNSISISPartitionRepair-P (3)};

--11.2.3 ISIS|authentication package attached to the-<CLNS managed object
cLNSISIS Authgntication-P PACKAGE

BEHAVIOUR cLNSISISAuthentication-P-Imported AlarmNotifications-B BEHAVIOUR
DEFINED AfS

authenticatiopFailure:

2

generated when a virtual link (for the purposes of Level 1 partition repair) is either created or deleted. The
the change and the networkEntityTitle of the corresponding virtual adjacency managed object are rep
communicationData field using the notificationVirtualLinkChange and notificationVirtualLinkAddress

e following

direction of
orted in the
parameters

respectively. The value ISIS.partitionVirtualLinkChange shall be reported in the informationType parameter. No
other fields or parameters shall be used, with the exception of further parameters in the informationData field. The
relative order of events relating to the same Virtual Link must be preserved. The occurrence of this event is counted

by the partitionVirtualLinkChanges counter.

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.maximumVirtual Adjacencies-Default
GET-REPLACE,

partitionVirtualLinkChanges;

notificgtionVirtualLinkChange
notificdtionVirtualLinkAddress;

Importy the communicationsAlarm notification from ISO/IEC 10165-2. It is used to report the following protocol

events.

generafed when a PDU is geceived with an incorrect Authentication information field. The Systemld of the source

system|shall be reported in the additionallnformation field using the notificationSystemld parameter. The¢

significance

sub-pafameter of eachyitem of additionallnformation shall be set to the value "false" (i.e. not significhnt) so that a
managing system pegeiving the event report will be less likely to reject it. The value ISIS.authenticationFailure shall

be ported (in  the  specificProblems  parameter. The  probableCause  shall b¢
NLM.donfigurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A
commynicatiohsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No or

paramdtérS.shall be used, with the exception of further parameters in the additionallnformation field. T
of this event is counted by the authenticationFailures counter.

ATTRIBUTES
areaTransmitPassword

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.password-Default
GET-REPLACE,

areaReceivePasswords

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.passwords-Default
GET-REPLACE

ADD-REMOVE,

authenticationFailures GET;
ATTRIBUTE GROUPS

102
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"Rec. X.723 | ISO/IEC 10165-5":counters
authenticationFailures;
NOTIFICATIONS
"Rec. X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
notificationSystemld;
REGISTERED AS {ISIS.poi cLNSISISAuthentication-P (4)};

--11.2.3.1 ISIS Level 2 Authentication package attached to the cLNS managed object

cLNSISISLevel2 Authentication-P PACKAGE

ATTRIBUTES

domainTransmitPassword
REACACE-WITH-DEFAULT
DEHAULT VALUE ISIS.password-Default
GET-REPLACE,

domainRecgivePasswords
REHLACE-WITH-DEFAULT
DEHAULT VALUE ISIS.passwords-Default
GET-REPLACE
ADD-REMOVE;

REGISTERED AS {ISIS.poi cLNSISISLevel2 Authentication-P (5)};

--11.2.4 Afttributes of cLNS object added by conditional packages

areaAddressgs ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.AreaAddresses;

MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

BEHAVIODR areaAddresses-B BEHAVIOUR

DEFINED AS

The[union of the sets of manualAreaAddresses repostéd in all Level 1 Link State PDUs received by this Intermediate
System;;

REGISTERED AS {ISIS.aoi areaAddresses (18)};

areaReceiveHasswords ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Passwerds;
MATCHESY FOR EQUALITY, SET-INFERSECTION, SET-COMPARISON;
BEHAVIO[R areaReceivePasswords-B BEHAVIOUR
DEFINED AS
Thelvalues to be used asreceive passwords to check the receipt of Level 1 LSP, and SNP PDUs;;
REGISTERED AS {ISIS.aoisareaReceivePasswords (112)};

areaTransmitPassword AFFRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Password,
MATCHEY FOR EQUALITY;
BEHAVIOPUR. areaTransmitPassword-B BEHAVIOUR
DEFINED AS
The value o be used as a transmit password in Level I LSP, and SNP PDUSs fransmitted by this Infermediate System;;
REGISTERED AS {ISIS.aoi areaTransmitPassword (111)};

attemptsToExceedMaximumSequenceNumber ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR attemptsToExceedMaximumSequenceNumber-B BEHAVIOUR
DEFINED AS
Number of times the attemptToExceedMaximumSequenceNumber event has been generated;;
REGISTERED AS {ISIS.aoi attemptsToExceedMaximumSequenceNumber (22)};

completeSNPInterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR completeSNPInterval-B BEHAVIOUR
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DEFINED AS
Interval between generation of Complete Sequence Numbers PDUs by a Designated Intermediate System on a
broadcast circuit;,
resettingTimer-B;
REGISTERED AS {ISIS.aoi completeSNPInterval (8)};

corruptedLSPsDetected ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR corruptedLSPsDetected-B BEHAVIOUR
DEFINED AS Number of Corrupted LSP Detected events generated;;
REGISTERED AS {ISIS.aoi corruptedLSPsDetected (19)};

domainTransmifPassword ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Password;
MATCHES FPDR EQUALITY;
BEHAVIOUR domainTransmitPassword-B BEHAVIOUR
DEFINED AS
The value to be used as a transmit password in Level 2 LSP, and SNP PDUs transmitted by-this Intermediate System;;
REGISTEREID AS {ISIS.aoi domainTransmitPassword (113)};

domainReceivelPasswords ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Passwords;
MATCHES FPDR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR domainReceivePasswords-B BEHAVIOUR
DEFINED AS
The values to be used as receive passwords to check the receipt of Level 2 LSP, and SNP PDUs;;
REGISTEREI AS {ISIS.aoi domainReceivePasswords (114)};

dRISISHelloTither ATTRIBUTE

DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;

MATCHES FPDR EQUALITY, ORDERING;

BEHAVIOUR dRISISHelloTimer-B BEHAVIOUR
DEFINED AS

The interval between the generation of [IH PDUs by the designated IS on a LAN;,

resettingHoldingTimer-B;

REGISTEREID AS {ISIS.aoi dRISISHelloTimet (16)};

iDFieldLengthMlismatches ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISOAEC 10165-5":nonWrappingCounter;
BEHAVIOUR iDFieldLengthMismatches-B BEHAVIOUR
DEFINED AfS Number of timesthe iDFieldLengthMismatch event has been generated;;
REGISTEREID AS {ISIS.aoiiDFieldLengthMismatches (25)};

iSType ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.ISType;
MATCHES FPREQUALITY;
BEHAVIOUR1SType-B BEHAVIOUR
DEFINED AS
The type of this Intermediate System. The value of this attribute is only settable via the create parameter;;
REGISTERED AS {ISIS.ao0i iSType (2)};

11State ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.DatabaseState;
MATCHES FOR EQUALITY;
BEHAVIOUR 11State-B BEHAVIOUR
DEFINED AS The state of the Level 1 database;;
REGISTERED AS {ISIS.aoi 11State (17)};

12State ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.DatabaseState;
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MATCHES FOR EQUALITY;

BEHAVIOUR 12State-B BEHAVIOUR
DEFINED AS The state of the Level 2 database;;

REGISTERED AS {ISIS.aoi 12State (28)};

ISPL1DatabaseOverloads ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR ISPL1DatabaseOverloads-B BEHAVIOUR
DEFINED AS Number of times the 11LSPDatabaseOverload event has been generated;;
REGISTERED AS {ISIS.aoi ISPL1DatabaseOverloads (20)};

ISPL2Databa

seOverloads ATTRIBUTE

DERIVED
BEHAVIO

DEFINED
REGISTER

manual Addrg
DERIVED
BEHAVIO
DEFINEL
REGISTER

manualArea/
WITH AT
MATCHES
BEHAVIO
DEFINEL
Are

FROM "Rec. X. 723 | ISO/IEC 10165-5":nonWrappingCounter;

[JR ISPL2DatabaseOverloads-B BEHAVIOUR

AS Number of times the 12LSPDatabaseOverload event has been generated;;
[ED AS {ISIS.aoi ISPL2DatabaseOverloads (32)};

ssesDroppedFromArea ATTRIBUTE

[FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;

[JR manualAddressesDroppedFromArea-B BEHAVIOUR

AS Number of times the manualAddressesDroppedFromArea event hasbéefi generated;;
[ED AS {ISIS.aoi manualAddressesDroppedFromArea (21)};

Lddresses ATTRIBUTE

RIBUTE SYNTAX ISIS.ArecaAddresses;

FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

[JR manualAreaAddresses-B BEHAVIOUR

AS

Addresses to be used for this Intermediate System:At least one value must be supplied. The m|

of Alrea Addresses which may exist in the set is MaxithimAreaAddresses;;

REGISTER

maximumAr
WITH AT
MATCHES
BEHAVIO
DEFINETD
max

valu
replaceOn
PARAMET
REGISTER

maximumATr
DERIVED
BEHAVIO

[ED AS {ISIS.aoi manualAreaAddresses (10)};

aAddresses ATTRIBUTE

RIBUTE SYNTAX ISIS.MaximumAreaAddresses;

FOR EQUALITY, ORDERING;

[JR maximumAreaAddresses-B'BEHAVIOUR

AS

imum number of area addresses to be permitted for this ISs area. Note that all ISs in the area mu
e configured for this.attribute if correct operation is to be assured.;,

lyWhileDisabled-B;

ERS constraintViolation;

[ED AS {ISIS.a0i maximumAreaAddresses (4)};

aAddressesMismatches ATTRIBUTE
FROM)"Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
[UR<maximumAreaAddressesMismatches-B BEHAVIOUR

hximum number

5t have the same

DEFINED AS Count of maximumArcaAddressesMismaich events.;;
REGISTERED AS {ISIS.aoi maximumAreaAddressesMismatches(118)};

maximumLSPGenerationInterval ATTRIBUTE

DERIVED

FROM "Rec. X.723 | ISO/IEC 10165-5":timer;

MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR maximumLSPGenerationInterval-B BEHAVIOUR
DEFINED AS Maximum interval between generated LSPs by this system;,

resettingT

imer-B;

REGISTERED AS {ISIS.aoi maximumLSPGenerationInterval (6)};

maximumPathSplits ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MaximumPathSplits;
MATCHES FOR EQUALITY, ORDERING;
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BEHAVIOUR maximumPathSplits-B BEHAVIOUR
DEFINED AS Maximum number of paths which it is permitted to split traffic between;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi maximumPathSplits (3)};

maximumVirtualAdjacencies ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.MaximumVirtual Adjacencies;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR maximumVirtual Adjacencies-B BEHAVIOUR
DEFINED AS Maximum number of Virtual Adjacencies which may be created to repair partitioned Level 1 domains;,
resourceLimiting-B;

PARAMETERS constraintViolation;

REGISTEREID AS {ISIS.aoi maximumVirtual Adjacencies (27)};

minimumBroad¢astLSPTransmissionInterval ATTRIBUTE

DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;

MATCHES FPDR EQUALITY, ORDERING;

BEHAVIOUR minimumBroadcastLSPTransmissionInterval-B BEHAVIOUR

DEFINED A$
Minimyim interval between transmission of LSPs on a broadcast circuit (See’clatse 7.3.15.6). This timer shall be
capabl¢ of a resolution not coarser than 10 ms;,

resettingTimgr-B;
REGISTEREID AS {ISIS.aoi minimumBroadcastLSPTransmissionInterval (7)};

minimumLSPG¢nerationInterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FPDR EQUALITY, ORDERING;
BEHAVIOUR minimumLSPGenerationInterval-B BEHAVIOUR
DEFINED AfS Minimum interval between successive generatiod of LSPs with the same LSPID by this IS;,
resettingTimer-B;
REGISTEREID AS {ISIS.aoi minimumLSPGenerationlnferval (11)};

minimumLSPTjansmissionInterval ATTRIBUTE

DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;

MATCHES FPDR EQUALITY, ORDERING;

BEHAVIOUR minimumLSPTransmissionlnterval-B BEHAVIOUR
DEFINED A|S Minimum interval between re- transmissions of an LSP;,
resettingTimgr-B;

REGISTEREID AS {ISIS.aoi minimumLSPTransmissionInterval (5)};

originatingl. 1L§PBufferSize ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.OriginatingLSPBufferSize;

MATCHES FPR EQUALITY, ORDERING;

BEHAVIOUR originatingl. 1 LSPBufferSize-B BEHAVIOUR
DEFINED A[S\TFh¢ maximum size of Level 1 LSPs and SNPs originated by this system;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi originatingL.1LSPBufferSize (9)};

originatingl 2L SPBufferSize ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.OriginatingLSPBufferSize;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR originatingl 2. SPBufferSize-B BEHAVIOUR
DEFINED AS The maximum size of Level 2 LSPs and SNPs originated by this system;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi originatingL2LSPBufferSize (26)};
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ownLSPPurges ATTRIBUTE

DERIVED

FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;

BEHAVIOUR ownLSPPurges-B BEHAVIOUR
DEFINED AS Number of times the ownLSPPurged event has been generated;;
REGISTERED AS {ISIS.aoi ownLSPPurges (24)};

partial SNPInterval ATTRIBUTE

DERIVED

FROM "Rec. X.723 | ISO/IEC 10165-5":timer;

MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR partialSNPInterval-B BEHAVIOUR
DEFINED AS Minimum interval between sending Partial Sequence Number PDUs;,

resettingT

imer-B;

REGISTER
partitionArea
WITH AT1
MATCHES
BEHAVIO
DEFINEL
The

(cal
REGISTER

partitionDesi
WITH AT
MATCHESY
BEHAVIO
DEFINEI
REGISTER

partitionVirty
DERIVED
BEHAVIO
DEFINEL
REGISTER

pollESHelloH
DERIVED
MATCHES
BEHAVIO
DEFINEL
configuration
REGISTER

sequenceNun
DERIVED
BEHAVIO

[ED AS {ISIS.a01 partialSNPInterval (14)§;
Addresses ATTRIBUTE
RIBUTE SYNTAX ISIS.ArcaAddresses;
FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
[JR partitionAreaAddresses-B BEHAVIOUR
AS
set union of all manualAreaAddresses of all Intermediate systems in the partition reachable by
ulated from their Level 1 LSPs);;
[ED AS {ISIS.aoi partitionAreaAddresses (29)};

bnatedL2IntermediateSystem ATTRIBUTE
RIBUTE SYNTAX ISIS.Systemld;
FOR EQUALITY;
[JR partitionDesignatedL2IntermediateSystem-B BEHAVIOUR
D AS The ID of the Partition Designated Level 2 Intermédiate System for this system;;
[ED AS {ISIS.aoi partitionDesignatedL2IntermediateSystem (30)};

alLinkChanges ATTRIBUTE
[FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
[JR partitionVirtualLinkChanges-B BEHAVIOUR
AS Number of times the partitionVirtualLink hange event has been generated;;
[ED AS {ISIS.aoi partitionVirtualLinkChanges (31)};

bate ATTRIBUTE
FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
FOR EQUALITY, ORDERING;
[UR pollESHelloRate-B:-BEHAVIOUR
AS The value to'be used for the suggested ES configuration timer in ISH PDUs when s

[ED AS {ISJS.aoi pollESHelloRate (13)};

berSkipsn ATTRIBUTE
FROM)"Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
[JR¢séquenceNumberSkips-B BEHAVIOUR

hon-virtual links

bliciting the ES

DEFINED AS Number of times the sequenceNumberSkipped event has been generaied;,
REGISTERED AS {ISIS.aoi sequenceNumberSkips (23)};

systemld ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Systemld;
MATCHES FOR EQUALITY;
BEHAVIOUR systemld-B BEHAVIOUR
DEFINED AS
The ID for the local system, to be appended to each of the system’s area address(es) to form the Network Entity Titles
valid for this IS. The derivation of a value for Systemld is a local matter.;;
REGISTERED AS {ISIS.aoi systemld (119)};

version ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Version;
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MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR version-B BEHAVIOUR

DEFINED AS The edition of this International Standard to which the implementation conforms;;
REGISTERED AS {ISIS.aoi version (1)};

waitingTime ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR waitingTime-B BEHAVIOUR
DEFINED AS Amount of time to delay in waiting state before entering On state;,
resettingTimer-B;
REGISTERED AS {ISIS.aoi waitingTime (15)};

originatingLSPJJ}ufferSizeMismatches ATTRIBUTE

DERIVED FRPM “Rec. X. 723 | ISO/IEC 10165-5":nonWrappingCounter;

BEHAVIOUR
DEFINED A
REGISTEREL

ISPTooLargeTo
DERIVED FR
BEHAVIOUR|

DEFINED A
REGISTERED

--11.2.5 Con
--11.2.5.1 Bas

linkageISISBasi
BEHAVIOUR
DEFINED A
Import:

events.

originatingLSPBufferSizeMismatches-B BEHAVIOUR
b Count of originatinglL SPBufferSizeMismatch events;;
AS {ISIS.aoi originatinglL SPBufferSizeMismatches(124)};

Propagate ATTRIBUTE

DM “Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
ISPTooLargeTooPropagate-B BEHAVIOUR

S Count of ISPTooLargeToPropagate events;;

AS {ISIS.aoi ISPTooLargeToPropagate(125)};

litional packages for linkage MO defined in ISO 10733
¢ ISIS linkage package

c-P PACKAGE
linkagelSISBasicImportedAlarmNotificationssB BEHAVIOUR
S

the communicationsAlarm notification™from ISO/IEC 10165-2. It is used to report the folloy

ving protocol

versionSkew:

areaMismatch

108

generafed when an attempt to initialise with an adjacent system fails as a result of the versions of the prptocol are not
compafible. The protocol version.field from the received PDU shall be reported in the additionallnfqrmation field
using the notificationVersionparameter. The significance sub-parameter of each item of additionallnfgrmation shall
be set fo the value "false/~(i-e. not significant) so that a managing system receiving the event report will|be less likely
to rejeqt it. The value ISIS7versionSkew shall be reported in the specificProblems parameter. The probaljleCause shall
be set fo NLM.verstonMismatch. The perceivedSeverity shall be set to Major’. A subsequent communicationsAlarm
with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or parameters shall pe used, with
the exdeption-efifurther parameters in the additionallnformation field. The occurrence of this event is cpunted by the
initialijationFatlures counter.

generated when an attempt to initialise with an adjacent system fails as a result of two level 1 ISs not sharing any area
addresses in common. The AREA ADDRESSES field and the ID field of the received PDU are reported in the
additionallnformation field using the notificationAreaAddresses and notificationSystemld parameters respectively.
The significance sub-parameter of each item of additionallnformation shall be set to the value "false" (i.e. not
significant) so that a managing system receiving the event report will be less likely to reject it. The value
ISIS.areaMismatch shall be reported in the specificProblems parameter. The probableCause shall be set to
NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
communicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionallnformation field. The occurrence
of this event is counted by the initialisationFailures counter.
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rejectedAdjacency:

generated when an attempt to create a new adjacency is rejected, because of a lack of resources. The ID field of the
received PDU is reported in the additionaldata field using the notificationSystemld parameter. The value
ISIS.rejectedAdjacency shall be reported in the specificProblems parameter. The probableCause hall be set to
NLM.resourceAtOrNearingCapacity. The perceivedSeverity shall be set to ’Major’. A subsequent
ommunicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionallnformation field. The occurrence
of this event is counted by the rejectedAdjacencies counter.

iDFieldLengthMismatch:

generated when a PDU is received with a different value for ID field length to that of the receiving Intermediate
system. The received ID LENGTH and SOURCE ID are reported in the additionallnformation field using the

noti
of a
ever
speg
perd
"Clg
in th

maximum
gend
Inte
addi
resp
(i.e.
ISIS
be s
com
paral
this

29

ATTRIBUTH
type INIT
iSISHello

REH
DER
GEI1
11Default]
REH
DER
PER
GE1
11DelayM|
REH

1cationlDLength and notificationSourceld parameters respectively. The significance sub-paramg
ditionallnformation shall be set to the value "false" (i.e. not significant) so that a managing(syst
t report will be less likely to reject it. The value ISIS.iDFieldLengthMismatch shall) be
ificProblems parameter. The probableCause shall be set to NLM.configurationQsCustomis
civedSeverity shall be set to "Major’. A subsequent communicationsAlarm with,a/perceivedS
ared" shall not be generated. No other fields or parameters shall be used, with theexéeption of ful
e additionallnformation field. The occurence of this event is counted by the iDFieldLengthMismal

AreaAddressesMismatch:

rated when a PDU is received with a different value for maximumAreaAddresses from that
mediate system. The received MAXIMUM AREA ADDRESSES and SOURCE ID are
tionallnformation field using the notification maximumAreaAddresses and notificationSourg

not significant) so that a managing system receiving the(eyent report will be less likely to rej
.maximumAreaAddressesMismatch shall be reported in‘the specificProblems parameter. The prol
et to NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to "Major
municationsAlarm with a perceivedSeverity value.of "Cleared" shall not be generated. No
meters shall be used, with the exception of further“parameters in the additionallnformation field. 1
event is counted by the maximumAreaAddressesMismatches counter.

S

[AL VALUE DERIVATION RULE supplyValueOnCreate-B GET,
[imer

LACE-WITH-DEFAULT

AULT VALUE ISIS.iSISHelloTimer-Default
-REPLACE,

Vetric

LACE-WITH-BEFAULT

AULT VALUE'ISIS.defaultMetric-Default
IMITTED"VALUES ISIS.DefaultMetric-Permitted
-REPEACE,

btric

LACE-WITH-DEFAULT

ter of each item
bm receiving the
reported in the
ationError. The
everity value of
rther parameters
tches counter.

pf the receiving
reported in the
eld pa-rameters

ectively. The significance sub-parameter of each item of additionallnformation shall be set to the value "false"

ect it. The value
bableCause shall
. A subsequent
other fields or
'he occurence of
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DEFAULT VALUE TSIS optionalMetric-Default
GET-REPLACE,

11ExpenseMetric

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

11ErrorMetric

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

externalDomain

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.externalDomain-Default
GET-REPLACE,
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changesIinAdjacencyState GET,
initialisationFailures GET,
rejectedAdjacencies GET,
iSISControlPDUsSent GET,
1SISControlPDUsReceived GET,
iDFieldLengthMismatches GET,
maximumAreaAddressesMismatches GET;
ATTRIBUTE GROUPS
"Rec. X.723 | ISO/IEC 10165-5":counters
changesInAdjacencyState
initialisationFailures
rejectedAdjacencies

iSISControlPDUsSent
iSISControlPDUsReceived
iDFieldLengthMismatches;

NOTIFICATIPDNS

"Rec. X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm

notificdtionAreaAddresses
notificgtionIDLength
notificgtionMaximumAreaAddresses
notificgtionSourceld
notificgtionSystemId
notificdtionVersion;

REGISTEREID AS {ISIS.poi linkageISISBasic-P (6)};

--11.2.5.2 ISI§ broadcast linkage package

linkageISISBrogdcast-P PACKAGE
BEHAVIOUR linkagelSISBroadcastimportedInfoNotifications-B‘BEHAVIOUR
DEFINED AS

Import$ the communicationsInformation notification-from ISO/IEC 10165-5. It is used to report the following

protocgl events.

lanL1DesignhtedIntermediateSystemChange:

generafed when the local system either.glects itself or resigns as being the LAN L1 Designated Intermg¢diate System
on this circuit. The direction of(_the change is reported in the communicationData field using the

notificgtionDesignated-IntermediateSystemChange  parameter. The

value ISIS.lanL1DesignateflIntermediate

SystemChange shall be reported in the informationType parameter. No other fields or parameters shall pe used, with
the exception of further paraieters in the informationData field. The relative order of these events must|be preserved.

The ocfurrence of this eyent.is counted by the lanL1DesignatedIntermediateSystemChanges counter.

ATTRIBUTESB
11IntermediaeSystemPriority
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.11IntermediateSystemPriority-Default
GET-REPLACE,

11CircuitlD GET;
11DesignatedIntermediateSystem GET,
lanL1DesignatedIntermediateSystemChanges GET;
ATTRIBUTE GROUPS
"Rec. X.723 | ISO/IEC 10165-5":counters
lanL1DesignatedIntermediateSystemChanges;
NOTIFICATIONS
"Rec. X.723 | ISO/IEC 10165-5":communicationsInformation
notificationDesignatedIntermediateSystemChange;
REGISTERED AS {ISIS.poi linkageISISBroadcast-P (7)};
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--11.2.5.3 ISIS point-to-point linkage package

linkageISISPtToPt-P PACKAGE
ATTRIBUTES
ptPtCircuitID GET;
REGISTERED AS {ISIS.poi linkageISISPtToPt-P (8)};

--11.2.5.4 ISIS call establishment metric increment linkage package

linkageISISDACallEstablishmentMetricIncrement-P PACKAGE
BEHAVIOUR linkageISISDACallEstablishmentMetricIncrement-P-B BEHAVIOUR
DEFINED AS
Presgnt when values ot call establisSIinent metric increment greater than zero are supported and the parent cLNS MO

has

SType Level2;;

ATTRIBUTES

callEstabl
REH

DEH

GEI1
callEstabl
REH

DEHR

GEI1
callEstabl
REH

DEH

GE
callEstabl
REH

DEH

GEI1
REGISTER

--11.2.5.5 I

linkageISISS
ATTRIBU]
outgoing(]
REH

GE1

ptPtCircui
neighbour
REH

GE1
REGISTER

shmentDefaultMetricIncrement

LACE-WITH-DEFAULT

AULT VALUE ISIS.callEstablishmentMetricIncrement-Default
-REPLACE,

shmentDelayMetricIncrement

LACE-WITH-DEFAULT

AULT VALUE ISIS.callEstablishmentMetricIncrement-Default
-REPLACE,

shmentExpenseMetricIncrement

LACE-WITH-DEFAULT

AULT VALUE ISIS.callEstablishmentMetricIncrement-Défault
-REPLACE,

shmentErrorMetricIncrement

LACE-WITH-DEFAULT

AULT VALUE ISIS.callEstablishmentMetriclncrement-Default
-REPLACE;

bIS static linkage package

fatic-P PACKAGE

[ES

alllVMO
LACE-WITH-DEFAULET
-REPLACE,

tID GET,

SNPAAddress

LACE-WITH-DEFAULT

-REPLACE;

[EDAS {ISIS.poi linkagelSISStatic-P (11)};

[ED AS {ISIS.poi linkageISISD ACallEstablishmentMetricIncrement-P (9)};

--11.2.5.6 ISIS level 2 linkage package

linkagel SISL.

evel2-P PACKAGE

ATTRIBUTES

12DefaultMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.defaultMetric-Default
PERMITTED VALUES ISIS.DefaultMetric-Permitted
GET-REPLACE,

12DelayMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,
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12ExpenseMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

12ErrorMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

manualL20nlyMode
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.manualL.20nlyMode-Default
GET-REPLACE,;

REGISTERE

--11.2.5.7 ISIS

iSISLevel2Broa
BEHAVIOUR
DEFINED A
Import:

protoc

lanL2Design|
generaft
on thi
notifics
ISIS.la
or para
of thes
Systen

ATTRIBUTE
[2Intermedial
REPLA
DEFAL
GET-R
12CircuitID

AS {ISIS.por inkagelSISLevel2-P (13)4;

level 2 broadcast linkage package

dcast-P PACKAGE
linkagelSISlevel2BroadcastimportedInfoNotifications-B BEHAVIOUR
S

the communicationsInformation notification from ISO/IEC 10165-5
1 events.

htedIntermediateSystemChange:

ed when the local system either elects itself or resigns as being the LAN L2 Designated Intermg
s circuit. The direction of the change is reported/in““the communicationData fiel
tionDesignatedIntermediate-SystemChange parameter. The
h[.2DesignatedIntermediateSystemChange shall be repotted’in the informationType parameter. N
meters shall be used, with the exception of further parameters in the informationData field. The

Changes counter.
5
eSystemPriority

\CE-WITH-DEFAULT

ULT VALUE ISIS.12IntermediateSystemPriority-Default
EPLACE,

GET,

12DesignatedIntermediateSystem GET,

lanL2Design
ATTRIBUTE
"Rec. X.723
lanL2Design|
NOTIFICATI
"Rec. X.723
notificationD
REGISTEREI

htedIntermediateSystemChanges GET;
GROUPS

ISO/IEC 10168-5%counters
htedIntermediateSystemChanges;

DNS
ISO/IEE.10165-5":communicationsInformation
esignhatedIntermediateSystemChange;
DASA{ISIS.poi ISISLevel2Broadcast-P (14)};

. A6.ds used to report the following

diate System
I using the

value
0 other fields
relative order

e events must be preserved. The occurrence of this”event is counted by the lanL2DesignatedIntermediate-

--11.2.5.8 ISIS linkage authentication package

linkageISIS Authentication-P PACKAGE
BEHAVIOUR linkageISISAuthentication-P-Imported AlarmNotifications-B BEHAVIOUR
DEFINED AS
Imports the communicationsAlarm notification from ISO/IEC 10165-2. It is used to report the following protocol

events.

authenticationFailure:
generated when a PDU is received with an incorrect Authentication information field. The Systemld of the source
system is reported in the additionallnformation field using the notificationSystemld parameter. The significance sub-
parameter of each item of additionallnformation shall be set to the value "false" (i.e. not significant) so that a
managing system receiving the event report will be less likely to reject it. The value ISIS.authenticationFailure shall
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be reported in  the specificProblems  parameter. The  probableCause shall be set to
NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
communicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionallnformation field. The occurrence

of this event is counted by the authenticationFailures counter.
ATTRIBUTES
circuitTransmitPassword
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.password-Default
GET-REPLACE,
circuitReceivePasswords
REHLACE-WITH-DEFAULT
AULT VALUE ISIS.passwords-Default
-REPLACE ADD-REMOVE,
ionFailures GET;

REGISTERED AS {ISIS.poi linkageISIS Authentication-P (15)};

--11.2.5.9 Attributes for the linkage MO from ISO 10733 addedy ISIS conditional packages

callEstablishinentDefaultMetricIncrement ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHEY FOR EQUALITY, ORDERING;
BEHAVIODR callEstablishmentDefaultMetricIncrement-B-BEHAVIOUR
DEFINED AS Additional value to be reported for the default metric value of unestablished DA adjacencies
REGISTERED AS {ISIS.aoi callEstablishmentDefayltMetricIncrement (52)};

callEstablishinentDelayMetricIncrement ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHEY FOR EQUALITY, ORDERING;
BEHAVIODR callEstablishmentDelayMetricIncrement-B BEHAVIOUR
DEFINED AS Additional value to be.reported for the delay metric value of unestablished DA adjacencies;;
REGISTERED AS {ISIS.aoi callEstablishmentDelayMetricIncrement (53)};

callEstablishinentErrorMetrigInetement ATTRIBUTE
WITH ATTRIBUTE S¥NTAX ISIS.HopMetric;
MATCHEY FOR EQUALITY, ORDERING;
BEHAVIOPR callEstablishmentErrorMetricIncrement-B BEHAVIOUR
DEFINED AS(Additional value to be reported for the Error metric value of unestablished DA adjacencies;;
REGISTERED.AS {ISIS.aoi callEstablishmentErrorMetricIncrement (55)};

callEstablishmentExpenseMetricIncrement ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR callEstablishmentExpenseMetricIncrement-B BEHAVIOUR
DEFINED AS Additional value to be reported for the Expense metric value of unestablished DA adjacencies;;
REGISTERED AS {ISIS.aoi callEstablishmentExpenseMetricIncrement (54)};

changesInAdjacencyState ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR changesInAdjacencyState-B BEHAVIOUR
DEFINED AS Number of Adjacency State Change events generated;;
REGISTERED AS {ISIS.aoi changesInAdjacencyState (40)};
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circuitReceivePasswords ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Passwords;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR circuitReceivePasswords-B BEHAVIOUR
DEFINED AS The values to be used as receive passwords to check the receipt of [IH PDUs;;
REGISTERED AS {ISIS.aoi circuitReceivePasswords (116)};

circuitTransmitPassword ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Password;
MATCHES FOR EQUALITY;
BEHAVIOUR circuitTransmitPassword-B BEHAVIOUR
DEFINED AS The value to be used as a transmit password in IIH PDUs transmitted by this Intermediate System;;
REGISTEREID AS {ISIS.aoi circuitTransmitPassword (115)7};

externalDomain| ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Boolean;
MATCHES FPR EQUALITY;
BEHAVIOUR externalDomain-B BEHAVIOUR
DEFINED A[S If TRUE, suppress normal transmission of and interpretation of Intra-domain ISIS PDUs on thi{ circuit.;;
REGISTEREID AS {ISIS.aoi externalDomain (46)};

initialisationFaijures ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;

DEFINED AIS Number of control PDUssent on this circuit;;
REGISTEREID AS {ISIS.aoi iSISControlPDUsSent (43)};

iSISHelloTimer] ATTRIBUTE
DERIVED FROM "Rec. X.723 [TSO/IEC 10165-5":timer;
MATCHES FPDR EQUALKTY;, ORDERING;
BEHAVIOUR iSISHelloTimer-B BEHAVIOUR
DEFINED AS The«period between IIH PDUs. It is also used as the period between ISH PDUs when p¢lling the ES
configuration;,
resettingHoldingPimer-B;
REGISTERED AS {ISIS.ao1 iSISHello Timer (45)7;

11CircuitlD ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.CircuitID;

MATCHES FOR EQUALITY;

BEHAVIOUR 11CircuitID-B BEHAVIOUR

DEFINED AS

The LAN ID allocated by the LAN Level 1 Designated Intermediate System. Where this system is not aware of the
value (because it is not participating in the Level 1 Designated Intermediate System election), this attribute has the
value which would be proposed for this circuit. (i.e. the concatenation of the local system ID and the one octet local
Circuit ID for this circuit.;;

REGISTERED AS {ISIS.aoi l1CircuitID (48)};
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11ErrorMetric ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.HopMetric;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR 11ErrorMetric-B BEHAVIOUR

DEFINED AS

The error metric value of this circuit for Level 1 traffic. The value of zero is reserved to indicate that this metric is not
supported;;

REGISTERED AS {ISIS.aoi 11ErrorMetric (38)};

11ExpenseMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOPR ITEXpenseMetric-B BEHAVIOUR
DEFINED AS
Thelexpense metric value of this circuit for Level 1 traffic. The value of zero is reserved to indicate that this metric is
not $upported;;
REGISTERED AS {ISIS.aoi 11ExpenseMetric (37)};

11DefaultMefric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHEY FOR EQUALITY, ORDERING;
BEHAVIO[R l1defaultMetric-B BEHAVIOUR
DEFINEI) AS The default metric value of this circuit for Level 1 traffic. ;;
REGISTERED AS {ISIS.aoi 11DefaultMetric (35)};

11DelayMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHEY FOR EQUALITY, ORDERING;
BEHAVIOUR 11DelayMetric-B BEHAVIOUR
DEFINED AS
Theldelay metric value of this circuit for Level 1 traffic. The value of zero is reserved to indicate that this metric is not
suppjorted;;
REGISTERED AS {ISIS.aoi 11DelayMetric (36)};

11DesignatedntermediateSystem ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Systemld;
MATCHESY FOR EQUALITY;
BEHAVIOPR 11DesignatedIntermediatéSystem-B BEHAVIOUR
DEFINED AS
The|ID of the LAN Leyel 1 Designated Intermediate System on this circuit. If, for any reason thfs system is not

partaking in the relevanf Designated Intermediate System election process, then the value returned i§ the zero length
OCTET STRINGg

REGISTERED AS {ISIS:aoi 11DesignatedIntermediateSystem (49)};

11IntermediafeSystemPriority ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.IntermediateSystemPriority;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR I1IntermediateSystemPriority-B BEHAVIOUR
DEFINED AS Priority for becoming LAN Level 1 Designated Intermediate System;;
REGISTERED AS {ISIS.aoi 1IntermediateSystemPriority (47)};

12CircuitlD ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.CircuitID;

MATCHES FOR EQUALITY;

BEHAVIOUR 12CircuitID-B BEHAVIOUR

DEFINED AS

The LAN ID allocated by the LAN Level 2 Designated Intermediate System. Where this system is not aware of the
value (because it is not participating in the Level 2 Designated Intermediate System election), this attribute has the
value which would be proposed for this circuit. (i.e. the concatenation of the local system ID and the one octet local
Circuit ID for this circuit.;;

REGISTERED AS {ISIS.aoi 12CircuitID (74)};
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12DefaultMetric

ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 12defaultMetric-B BEHAVIOUR
DEFINED AS The default metric value of this circuit for Level 2 traffic. ;;
REGISTERED AS {ISIS.aoi 12DefaultMetric (68)};

12DelayMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 12DelayMetric-B BEHAVIOUR
DEFINED AS

The de
suppor
REGISTERE]

12DesignatedInt|
WITH ATTRI
MATCHES F
BEHAVIOUR
DEFINED A
The 1D

partaki

OCTE]
REGISTEREI

12ErrorMetric A
WITH ATTRI
MATCHES F
BEHAVIOUR

DEFINED Al

ay metric value of this circuit tor Level 2 trattic. The value of zero 1s reserved to indicate that this
ed;;
D AS {ISIS.aoi 12DelayMetric (69)};

brmediateSystem ATTRIBUTE

BUTE SYNTAX ISIS.Systemld;

DR EQUALITY;
12DesignatedIntermediateSystem-B BEHAVIOUR

S
of the LAN Level 2 Designated Intermediate System on this circuit.)If, for any reason this

hg in the relevant Designated Intermediate System election process;then the value returned is th

[ STRING:;;

D AS {ISIS.aoi 12DesignatedIntermediateSystem (75)};

TTRIBUTE

BUTE SYNTAX ISIS.HopMetric;

DR EQUALITY, ORDERING;
12ErrorMetric-B BEHAVIOUR

S

The ex|
not sy
REGISTERE

12IntermediateS
WITH ATT

or metric value of this circuit for Level 2 tfaffic. The value of zero is reserved to indicate that thig

ense metric value-of this circuit for Level 2 traffic. The value of zero is reserved to indicate that
orted;;
AS {ISIS:aoi [2ExpenseMetric (70)};

stemPriority ATTRIBUTE
BUTE SYNTAX ISIS.IntermediateSystemPriority;

metric is not

system is not
e zero length

metric is not

this metric is

MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 2IntermediateSystemPriority-B BEHAVIOUR

DEFINED AS Priority for becoming LAN Level 2 Designated Intermediate System;;
REGISTERED AS {ISIS.aoi I2IntermediateSystemPriority (73)};

lanL 1 DesignatedIntermediateSystemChanges ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR lanL1DesignatedIntermediateSystemChanges-B BEHAVIOUR

DEFINED A

S Number of LAN L1 Designated Intermediate System Change events generated;;

REGISTERED AS {ISIS.aoi lanL1DesignatedIntermediateSystemChanges (50)};

lanL2DesignatedIntermediateSystemChanges ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR lanL2DesignatedIntermediateSystemChanges-B BEHAVIOUR
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DEFINED AS Number of LAN L2 Designated Intermediate System Change events generated;;
REGISTERED AS {ISIS.aoi lanL2DesignatedIntermediateSystemChanges (76)};

manualL20nlyMode ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.Boolean;

MATCHES FOR EQUALITY;

BEHAVIOUR manualL20nlyMode-B BEHAVIOUR

DEFINED AS

When True, indicates that this Circuit is to be used only for Level 2;, replaceOnlyWhileDisabled-B; PARAMETERS
constraintViolation;

REGISTERED AS {ISIS.aoi manualL20OnlyMode (72)};

outgoingCall[VMO ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.LocalDistinguishedName;
MATCHESY FOR EQUALITY;
BEHAVIODR outgoingCalllVMO-B BEHAVIOUR
DEFINED AS
refefence to the virtualCalllVMO to be used to establish communication with a neighbour over this circuit. This
IVMO contains, among other things,the SNPA Address to use as the called address.;;
REGISTERED AS {ISIS.aoi outgoingCalllVMO (120)};

ptPtCircuitid ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.CircuitID;

MATCHESY FOR EQUALITY;

BEHAVIOPR ptPtCircuitID-B BEHAVIOUR

DEFINED AS

ThelID of the circuit allocated during initialisation. If no valu¢ has been negotiated (either because th¢ adjacency is to
an Hnd system, or because initialisation has not yet successfully completed), this attribute has the vajue which would
be proposed for this circuit. (i.e. the concatenation of thé“local system ID and the one octet local Circuit ID for this
circiit.;;

REGISTERED AS {ISIS.aoi ptPtCircuitID (51)};

rejectedAdjagencies ATTRIBUTE
DERIVED [FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIODR rejectedAdjacencies-B BEHAVIOUR
DEFINED AS Number of Rejected Adjacency events generated;;
REGISTERED AS {ISIS.aoi rejected Adjacencies (42)};

type ATTRIBUTE
WITH ATTRIBUTE SYNTAXSIS.CircuitType;
MATCHEY FOR EQUALITY;
BEHAVIOUR type-B BEHAVIOUR
DEFINED) AS The(type of the circuit. This attribute may only be set when the linkage MO is created. Sybsequently it is
read-only;;
REGISTERED AS {ISIS.aoi type (33)};

--11.2.6 Adjacency managed object

-- Created either through the adjacency-linkage Name binding for

-- adjacencies instantiated by protocol operation, or the

-- adjacency-linkage-management name binding for adjacencies created
-- via explicit system management operation —

adjacency MANAGED OBJECT CLASS
DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY adjacency-P PACKAGE
BEHAVIOUR adjacencyStateChange-B BEHAVIOUR
DEFINED AS
This Managed Object imports the 10165-2 stateChange notification. It is used to report changes to the adjacencyState
attribute. The value "Down" shall be reported when the adjacency is deleted. A single parameter set shall be included
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in the State Change definition field. Only the (mandatory) attributeld and newAttributeValue parameters shall be

used.
ATTRIBUTES
adjacencyld GET,
adjacencyState GET, -- Note: this is NOT operational state
neighbourSNPA Address

INITIAL VALUE DERIVATION RULE supplyValueOnCreate-B

GET,

neighbourSystemType GET,
neighbourSystemlds
INITIAL VALUE DERIVATION RULE supplyValueOnCreate-B

GET;
NOTIFICATI
"Rec. X.721

CONDITION
iSAdjacency;
"the ad
Interm

an IS aj
REGISTEREI

--11.2.6.1 IS adjacency package of the adjacency managed object

iSAdjacency-P 1
ATTRIBUTE
adjacencyUs
areaAddress
holdingTime
REGISTEREI

--11.2.6.2 Bro

broadcastISAdj:
ATTRIBUTE
priorityOfNej
REGISTEREI

--11.2.6.3 Name bindings.for the adjacency managed object

adjacency-linka
SUBORDINA

pdcast IS adjacency package of the adjacency managed object

DNS
ISO/IEC 10165-2 : 1992":stateChange; ;;

AL PACKAGES

P PRESENT IF

jacency is to an IS (i.e the neighbourSystemType is Intermediate System, I Intermediate
diate System)", broadcastISAdjacency-P PRESENT IF the parent Linkage MO is of type broad
K above;

D AS {ISIS.moi adjacency (1)};

q

]

PACKAGE
5

hoe GET,
sOfNeighbour GET,
' GET;

D AS {ISIS.poi iSAdjacency-P (19)};

cency-P PACKAGE

N

5
ighbour GET;
D AS {ISIS.poi broadcastISAdjacency-P (20)};

be NAME BINDING
TEOBJECT CLASS adjacency AND SUBCLASSES;

NAMED BY

ystem or L2
cast and is to

DILIPEDINOD QODIDCT T AQQO NTON /TR 1072210 .1:.1

CTOITOICODI T TT T7Y00. 10UTECT TU 700 TN aGgC 7 XN

e

WITH ATTRIBUTE adjacencyld;
BEHAVIOUR adjacency-linkage-B BEHAVIOUR
DEFINED AS
This Name Binding is used for adjacencies created automatically by operation of the ISO/IEC 10589 protocol

machine.;,

adjacencyld-B;
REGISTERED AS {ISIS.nboi adjacency-linkage (7)};

adjacency-linkage-management NAME BINDING
SUBORDINATE OBJECT CLASS adjacency AND SUBCLASSES;
NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;
WITH ATTRIBUTE adjacencyld;
BEHAVIOUR adjacency-linkage-management-B BEHAVIOUR
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DEFINED AS This Name Binding is used for adjacencies created by system management.;,
adjacencyld-B;

CREATE WITH-REFERENCE-OBJECT reservedName;

DELETE ONLY-IF-NO-CONTAINED-OBJECTS;

REGISTERED AS {ISIS.nboi adjacency-linkage-management (8)};

--11.2.6.4 Attributes of the adjacency managed object

adjacencyld ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.GraphicString;
MATCHES FOR EQUALITY, SUBSTRINGS;
BEHAVIOUR adjacencyld-B BEHAVIOUR

DEFINEIJFAS
A stfing which is the Identifier for the Adjacency and which is unique amongst the set of Adjacencieq main-tained for

this [linkage. If this is an adjacency created by system management, it is set by the Systen) Manager when the

Adjdcency is created, otherwise it is generated by the implementation such that it is unique/ The et of identifiers

contpining the leading string "Auto" are reserved for Automatic Adjacencies. An attempt\by system| management to

creafe an adjacency with such an identifier will cause a reserved name violation;;
REGISTERED AS {ISIS.aoi adjacencyld (77)};

le ATTRIBUTE

RIBUTE SYNTAX ISIS.AdjacencyState;
FOR EQUALITY;

[JR adjacencyState-B BEHAVIOUR

AS The state of the adjacencys;;

L[ED AS {ISIS.aoi adjacencyState (78)};

adjacencyStaj
WITH AT
MATCHES
BEHAVIO
DEFINEL
REGISTER

jge ATTRIBUTE

RIBUTE SYNTAX ISIS.AdjacencyUsage;
FOR EQUALITY;

[JR adjacencyUsage-B BEHAVIOUR

AS

usage of the Adjacency. An Adjacency oftype Level 1 will be used for Level 1 traffic only. An a
bl 2 will be used for Level 2 traffic enly. An adjacency of type Level 1 and 2 will be used for b
bl 2 traffic. There may be two adjacencies (of types Level 1 and Level 2 between the same paif

ems. ;;
L[ED AS {ISIS.aoi adjacencyUsage (82)};

adjacencyUs
WITH AT
MATCHES
BEHAVIO
DEFINEL
The

Lev

Lev

Syst
REGISTER

djacency of type
oth Level 1 and
of Intermediate

areaAddressgsOfNeighbour ATTRIBUTE

WITH AT
MATCHES
BEHAVIO

DEFINEL
REGISTER

holdingTime

[JR areaAddressesOfNeighbour-B BEHAVIOUR

[ED AS+{ISIS.a0i arcaAddressesOfNeighbour (84)};

RIBUTE SYNTAX ISIS.ArcaAddresses;
FOR EQUALITY,/JSET-COMPARISON, SET-INTERSECTION;

AS This contains the Area Addresses of a neighbour Intermediate System from the IIH PDU.;;

ATTRIBUTE

DERIVED [FROM "Rec, X.723 [ISO/JEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR holdingTimer-B BEHAVIOUR
DEFINED AS Holding time for this adjacency updated from the IIH PDUs;;
REGISTERED AS {ISIS.aoi holdingTimer (85)};

priorityOfNeighbour ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.IntermediateSystemPriority;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR priorityOfNeighbour-B BEHAVIOUR

DEFINED AS

Priority of neighbour on this adjacency for becoming LAN Level 1 Designated Intermediate System if adjacencyType
is L1 Intermediate System or LAN Level 2 Designated Intermediate System if adjacencyType is L2 Intermediate
System;;

REGISTERED AS {ISIS.aoi priorityOfNeighbour (86)};
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neighbourSNPAAddress ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.SNPAAddress;

MATCHES FOR EQUALITY;

BEHAVIOUR neighbourSNPAAddress-B BEHAVIOUR
DEFINED AS The SNPA address of the neighbour system;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi neighbourSNPAAddress (79)};

neighbourSystemlds ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Systemlds;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

BEHAVIOUNR neighbourSystemIds-B BEHAVIOUR
DEFINED AIS
For Intprmediate system neighbours: Contains the single Systemld of the neighbouring Intermediate sys
from the Source ID field of the neighbour’s ITH PDU. For End system neighbours: Contains the set of sy
a neighbour End system.;;
REGISTEREID AS {ISIS.aoi neighbourSystemlds (83)};

neighbourSystemType ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.NeighbourSystemType;

MATCHES FDR EQUALITY;

BEHAVIOUR neighbourSystemType-B BEHAVIOUR

DEFINED AS
e of the neighbour system one of: Unknown, End system,/Antermediate system, L1 Intermedial
Intermg¢diate system";;

REGISTEREID AS {ISIS.aoi neighbourSystemType (80)};

--11.2.7 Virtpal adjacency managed object

virtualAdjacency MANAGED OBJECT CLASS
DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY virtualAdjacency-P PACKAGE

Title GET,

AS {ISIS.moi virtualAdjacency (2)};

e bindings for ‘the virtual adjacency managed object

tem obtained
stem ID(s) of

e system, L2

Lvirtual Ar‘jar‘Pnr‘v_r‘T NS_-B BEHAVIQUR

DEFINED AS This name binding is only applicable where the superior object has an iSType of Level2;;
REGISTERED AS {ISIS.nboi virtualAdjacency-cLNS (3)};

--11.2.7.2 Attributes of the virtual adjacency managed object

metric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR metric-B BEHAVIOUR
DEFINED AS Cost of least cost L2 path(s) to destination area based on the default metric;;
REGISTERED AS {ISIS.aoi metric (89)};
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--11.2.8 Destination managed object

-- This MO class is never instantiated. It exists only to allow the destinationSystem and destinationArea
-- MO classes to be derived from it.

destination MANAGED OBJECT CLASS

DERIVED

FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;

CHARACTERIZED BY destination-P PACKAGE
ATTRIBUTES
defaultMetricPathCost GET,
defaultMetricOutputAdjacencies GET,

delayMetr

icPathCost GET,

delayMetficOutputAdjacencies GET,

expense
expense

errorMetr{cPathCost GET,
errorMetr{cOutputAdjacencies GET;

REGISTERED AS {ISIS.moi destination (3)};

-11.29 A

defaultMetrid
WITH AT]
MATCHES
BEHAVIO
DEFINEL
The

upot
REGISTER

defaultMetrid
WITH AT]
MATCHES
BEHAVIO
DEFINEI
REGISTER

delayMetric(
WITH AT
MATCHES
BEHAVIO
DEFINEL
The

upot
REGISTER

tricPathCost GET,
tricOutputAdjacencies GET,

ributes of the destination managed object

OutputAdjacencies ATTRIBUTE

RIBUTE SYNTAX ISIS.OutputAdjacencies;

FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
[JR defaultMetricOutputAdjacencies-B BEHAVIOUR

AS

set of Adjacency (or Reachable Address) managed object identifiers representing the forwarding]
) the default metric for the destination;;

[ED AS {ISIS.aoi defaultMetricOutputAdjacenei€s'(91)};

PathCost ATTRIBUTE

RIBUTE SYNTAX ISIS.PathMetric;

FOR EQUALITY, ORDERING;

[JR defaultMetricPathCost-B BEHAVIOUR

AS Cost of least cost path(s)using the default metric to destination;;
[ED AS {ISIS.aoi defaultMetricPathCost (90)};

utputAdjacencies AFTRIBUTE

RIBUTE SYNTAXTISIS.OutputAdjacencies;

FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
[JR delayMetricOutputAdjacencies-B BEHAVIOUR

AS

set of Adjacency (or Reachable Address) managed object identifiers representing the forwarding]
W the 'delay metric for the destination;;

[EDVAS {ISIS.aoi delayMetricOutputAdjacencies (93)};

delayMetricPathCost ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR delayMetricPathCost-B BEHAVIOUR
DEFINED AS Cost of least cost path(s) using the delay metric to destination;;
REGISTERED AS {ISIS.aoi delayMetricPathCost (92)};

errorMetricO

utputAdjacencies ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.OutputAdjacencies;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR errorMetricOutputAdjacencies-B BEHAVIOUR

DEFINED AS
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The set of Adjacency (or Reachable Address) managed object identifiers representing the forwarding decisions based

upon the error metric for the destination;;
REGISTERED AS {ISIS.aoi errorMetricOutputAdjacencies (97)};

errorMetricPathCost ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR errorMetricPathCost-B BEHAVIOUR
DEFINED AS Cost of least cost path(s) using the error metric to destination;;
REGISTERED AS {ISIS.aoi errorMetricPathCost (96)};

expenseMetricOutputAdjacencies ATTRIBUTE

WITH ATTRIBUTE SYNTAXTSIS.OutputAdjacencies;
MATCHES FPR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR expenseMetricOutputAdjacencies-B BEHAVIOUR
DEFINED AIS
The sef of Adjacency (or Reachable Address) managed object identifiers representing the forwarding dg
upon the expense metric for the destination;;
REGISTEREID AS {ISIS.aoi expenseMetricOutputAdjacencies (95)};

expenseMetricPpthCost ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FPR EQUALITY, ORDERING;
BEHAVIOUR expenseMetricPathCost-B BEHAVIOUR
DEFINED Cost of least cost path(s) using the expense metric to destination;;
REGISTEREID AS {ISIS.aoi expenseMetricPathCost (94)};

--11.2.10 Degtination system managed object

destinationSystgqm MANAGED OBJECT CLASS
DERIVED FROM destination;
CHARACTERIZED BY destinationSystem-P PACKAGE

destinationSystgm-cLNS NAME BINDING
SUBORDINATE OBJECTF,CLEASS destinationSystem AND SUBCLASSES;
NAMED BY PUPERIOR\OBJECT CLASS "ISO/IEC 10733":cLNS AND SUBCLASSES;
WITH ATTRIBUTEwmetworkEntityTitle;
REGISTEREID AS\{ISIS.nboi destinationSystem-cLNS (1)};

cisions based

--11.2.11 Destination area managed object

destinationArea MANAGED OBJECT CLASS
DERIVED FROM destination;
CHARACTERIZED BY destinationArea-P PACKAGE
ATTRIBUTES
addressPrefix GET; ;;
REGISTERED AS {ISIS.moi destinationArea (7)};
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--11.2.11.1 Name bindings

destinationArea-cLNS NAME BINDING
SUBORDINATE OBJECT CLASS destinationArea AND SUBCLASSES;
NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":cLNS AND SUBCLASSES;
WITH ATTRIBUTE addressPrefix;
BEHAVIOUR destinationArea-cLNS-B BEHAVIOUR
DEFINED AS This name binding is only applicable where the superior object has an iSType of Level2;;
REGISTERED AS {ISIS.nboi destinationArea-cLNS (2)};

--11.2.12 Reachable address managed object

-- Created either through the reachableAddress-linkage-imported

-- Name bindjing for reachable addresses instantiated by

-- the importgtion of routeing information from another

-- routeing prpotocol (such as the interdomain routeing protocol), or the

-- reachable Address-linkage-management name binding for adjacencies created
-- via explicif system management operation.

reachableAdqdress MANAGED OBJECT CLASS
DERIVED [FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY reachableAddress-P PACKAGE
BEHAVIOPR "ISO/IEC 10733":commonCreationDeletion-B, "ISO/IEC 10733":commonStateChange-B;

ddressld GET,

IAL VALUE DERIVATION RULE supplyValueOnCreate-B
e
IAL VALUE DERIVATION RULE supplyValieOnCreate-B
ric
LACE-WITH-DEFAULT
AULT VALUE ISIS.defaultMetric-Default
ITTED VALUES ISIS.DefaultMetric-Permitted
-REPLACE,
c
LACE-WITH-DEFAUET
AULT VALUE ISiS-optionalMetric-Default
-REPLACE,
tric
LACE-WITH-DEFAULT
AULT-VFALUE ISIS.optionalMetric-Default
-REPDACE,
errorMetric
REPLCACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,
defaultMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
GET-REPLACE,
delayMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
GET-REPLACE,
expenseMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
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GET-REPLACE,
errorMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
GET-REPLACE,
"Rec. X.721 | ISO/IEC 10165-2 : 1992":0perationalState GET;
ACTIONS
"Rec. X.723 | ISO/IEC 10165-5":activate,
"Rec. X.723 | ISO/IEC 10165-5":deactivate;
NOTIFICATIONS
"Rec. X.721 | ISO/IEC 10165-2 : 1992":0bjectCreation,
"Rec. X.721 | ISO/IEC 10165-2 : 1992":0bjectDeletion,
"Rec. X.721 [ISO/TEC T0165-2 : T992™:stateChange;

CONDITIONAL PACKAGES
explicitSNPA-P PRESENT IF the value of mappingType is "explicit",
extractDSP-F PRESENT IF the value of mappingType is "extractDSP";
REGISTEREIDD AS {ISIS.moi reachableAddress (8)};

--11.2.12.1 Explicit SNPA package

explicitSNPA-P|PACKAGE

ATTRIBUTES
sNPAAddregses GET-REPLACE;

REGISTEREI AS {ISIS.poi explicitSNPA-P (22)};

--11.2.12.2 Exgract DSP package

extractDSP-P PACKAGE
BEHAVIOUR extractDSP-P-B BEHAVIOUR
DEFINED AS
When present, the remote SNPA address is detetmined by extracting the bits from the effective NSAP address
indicatgd by 1’s in the SNPAMask and concatenating them to the SNPAPrefix.;;
ATTRIBUTE
sNPAMask
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.sNPAMask-Default
GET-REPLACE,
sNPAPrefix
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS:sNPAPrefix-Default
GET-REPLACE;
REGISTEREID AS {ISIS:poi extractDSP-P (23)};

vz

--11.2.12.3 Name bindings

reachable Address=timkage-imported NAME BINDING

SUBORDINATE OBJECT CLASS reachableAddress AND SUBCLASSES;

NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;

WITH ATTRIBUTE reachableAddressld;

BEHAVIOUR reachableAddress-linkage-imported-B BEHAVIOUR

DEFINED AS

This name binding is only applicable where the superior object of the linkage instance is an object with iSType
level2IS Tt is used for the automatic creation of reachable address MOs. This is useful when injecting intra-domain
routes obtained through the operation of an interdomain routeing protocol.;;

REGISTERED AS {ISIS.nboi reachableAddress-linkage-imported (5)};

reachableAddress-linkage-management NAME BINDING

SUBORDINATE OBJECT CLASS reachableAddress AND SUBCLASSES;
NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;

124 © ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

WITH ATTRIBUTE reachableAddressld;
BEHAVIOUR reachableAddress-linkage-management-B BEHAVIOUR
DEFINED AS
This name binding is only applicable where the superior object of the linkage instance is an object with iSType
level2IS It is used for the manual creation of reachable address MOs by system management.;,
reachableAddressld-B;
CREATE WITH-REFERENCE-OBJECT reservedName;
DELETE ONLY-IF-NO-CONTAINED-OBJECTS;
REGISTERED AS {ISIS.nboi reachableAddress-linkage-management (6)};

--11.2.12.4 Attributes of the reachable address managed object

defaultMetrid
WITH AT
MATCHES
BEHAVIO
DEFINEL
The

Rea
REGISTER

defaultMetrid
WITH AT]
MATCHES
BEHAVIO
DEFINED
REGISTER

delayMetric 4
WITH AT
MATCHES
BEHAVIO

DEFINEL
The

Rea

The
REGISTER

delayMetricT]
WITH AT
MATCHES
BEHAVIO
DEFINEL
REGISTER

errorMetric A

ATTKIBUTE

RIBUTE SYNTAX ISIS.HopMetric;

FOR EQUALITY, ORDERING;

[JR defaultMetric-B BEHAVIOUR

AS

default metric value for reaching the specified prefix over this Circuit. If this attribute is change

[ED AS {ISIS.aoi defaultMetric (99)};

Type ATTRIBUTE

RIBUTE SYNTAX ISIS.MetricType;

FOR EQUALITY;

[UR defaultMetricType-B BEHAVIOUR

AS Indicates whether the default metric is internal or external;;
[ED AS {ISIS.aoi defaultMetricType (103)};

A\TTRIBUTE
RIBUTE SYNTAX ISIS.HopMetric;
FOR EQUALITY, ORDERING;
[UR delayMetric-B BEHAVIOUR
AS
delay metric value for reaching the specified prefix over this Circuit. If this attribute is change
hable Address and the linkage are Enabled (i.e. state On), the actions described in clause 8.3.5.
value of zero is reserved to indiCate that this metric is not supported;;
[ED AS {ISIS.aoi delayMetfic,(100)};

ype ATTRIBUTE

RIBUTE SYNTAX ISIS.MetricType;

FOR EQUALITY;

[JR delayMetricType-B BEHAVIOUR

AS Indicateswhether the delay metric is internal or external;;
[ED AS{ISIS.a0i delayMetricType (104)};

\ TTRIBUTE

WITH AT

RIBUTE SYNTAX ISIS.HopMetric;

d while both the

hable Address and the linkage are Enabled (i.e. state On), the actions described'in clause 8.3.5.4 must be taken. ;;

il while both the
1t must be taken.

MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR errorMetric-B BEHAVIOUR
DEFINED AS
The error metric value for reaching the specified prefix over this Circuit. If this attribute is changed while both the
Reachable Address and the linkage are Enabled (i.e. state On), the actions described in clause 8.3.5.4 must be taken.

The

value of zero is reserved to indicate that this metric is not supported;;

REGISTERED AS {ISIS.aoi errorMetric (102)};

errorMetricType ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MetricType;
MATCHES FOR EQUALITY;
BEHAVIOUR errorMetricType-B BEHAVIOUR
DEFINED AS Indicates whether the error metric is internal or external;;
REGISTERED AS {ISIS.aoi errorMetricType (106)};
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expenseMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR expenseMetric-B BEHAVIOUR
DEFINED AS
The expense metric value for reaching the specified prefix over this Circuit. If this attribute is changed while both the
Reachable Address and the linkage are Enabled (i.e. state On), the actions described in clause 8.3.5.4 must be taken.

The value of zero is reserved to indicate that this metric is not supported;;
REGISTERED AS {ISIS.aoi expenseMetric (101)};

expenseMetricT

ype ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.MetricType;

MATCHES F
BEHAVIOUR

DR EQUALITY;
expenseMetricType-B BEHAVIOUR

DEFINED A[S Indicates whether the expense metric is internal or external;;
REGISTEREID AS {ISIS.aoi expenseMetricType (105)};
mappingType ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MappingType;
MATCHES FPR EQUALITY;
BEHAVIOUR mappingType-B BEHAVIOUR
DEFINED AS
The type of mapping to be employed to ascertain the SNPA Address which’should be used in forwarding NPDUs for
this Repchable Address Prefix. The following values of mappingType are defined: none: The mapping ig null because
the neighbour SNPA is implicit by nature of the subnetwork (eg. a“point-to-point linkage). explicit: The set of
subnetyvork addresses in the SNPAAddresses attribute are to be used. ‘extractIDI: The SNPA is embedded in the IDI of
the dedtination NSAP address. The mapping algorithm extracts the SNPA to be used according to the format and

encodi
Addreg
SNPA
subnety
address
hop sul
REGISTEREI

reachableAddre
WITH ATTRI
MATCHES F
BEHAVIOUR
DEFINED A
A strin
mainta
Manag
unique

other r

cause 4

g rules of ISO8348/Add2. This SNPA extraction -algorithm can be used in conjunction wi
s Prefixes from the X.121, F.69, E.163, and E.164 ‘addressing subdomains. extractDSP: All, or a

work addressing information by performing.a‘logical AND of the SNPAMask attribute with th
. The part of the SNPA extracted from the destination NSAP is appended to the sSNPAPrefix to
network addressing information.;;

D AS {ISIS.aoi mappingType (107)}

sld ATTRIBUTE
BUTE SYNTAX ISIS.GraphicString;
DR EQUALITY, SUBSTRINGS;
reachableAddressId-B.BEHAVIOUR
S
b which is the Identifier for the ReachableAddress and which is unique amongst the set of reacha
ned for thisnlinkage. If this is a reachableAddress created by system management, it is set b
er when the“ReachableAddress is created, otherwise it is generated by the implementation s
The set-of identifiers containing the leading string "Auto" are reserved for reachable addresses i
uteingjprotocols. An attempt by system management to create a reachableAddress with such an
reServed name violation;;

th Reachable
suffix, of the

is embedded in the DSP of the destination addtess. This SNPA extraction algorithm extracts the embedded

b destinaition
form the next

ble addresses
y the System
ich that it is
mported from
dentifier will

REGISTERED AS {ISIS ao1 reachableAddressId (121)7];

sNPAMask ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.NAddress;
MATCHES FOR EQUALITY;
BEHAVIOUR sNPAMask-B BEHAVIOUR

DEFINED AS
A Bit mask with 1 bits indicating the positions in the effective destination address from which embedded SNPA
information is to be extracted. For the extraction the first octect of the SNPAMask is aligned with the first octet (AFI)
of the NSAP Address. If the SNPAMask and NSAP Address are of different lengths, the shorter of the two is logically
padded with zeros before performing the extraction;;
REGISTERED AS {ISIS.aoi sNPAMask (122)};
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sNPAPrefix ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.SNPAPrefix;

MATCHES FOR EQUALITY;

BEHAVIOUR sNPAPrefix-B BEHAVIOUR

DEFINED AS

A fixed SNPA prefix manually configured as an attribute of a Reachable Address with mappingType extractDSP. The
SNPA address to use is formed by concatenating the fixed sNPAPrefix with a variable SNPA part that is extracted
from the effective destination address. For Reachable Address Prefixes in which then entire SNPA is embedded in the
DSP the sNPAPrefix shall be null;;

REGISTERED AS {ISIS.aoi sSNPAPrefix (123)};

sNPAAddresses ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.SNPAAddresses;
MATCHESY FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOPR sNPAAddresses-B BEHAVIOUR
DEFINED AS
A sg¢t of SNPA addresses to which pdu may be forwarded in order to reach an address{which mat¢hes the address
preflx of the Reachable Address.;;
REGISTERHD AS {ISIS.aoi sNPAAddresses (109)};

--11.3 ASN1 modules

ISIS {joint-is¢-itu-t network-layer(13) management(0) iSIS(1) asn1Module(2) 0}
DEFINITIONS ::= BEGIN
--- object ideptifier definitions for identifier prefixes -
isisoi OBJE(T IDENTIFIER ::= {NLM.nl iSIS(1)}
sseoi OBJEC|T IDENTIFIER ::= {isisoi standardSpecificExtensions(0)}
moi OBJECT IDENTIFIER ::= {isisoi managedObjectClass (3)}
poi OBJECT|IDENTIFIER ::= {isisoi package (4)}
proi OBJECT IDENTIFIER ::= {isisoi parameter (5)}
nboi OBJECT IDENTIFIER ::= {isisoi nameBinding (6)}
aoi OBJECT [IDENTIFIER ::= {isisoi attribute (7)}
agoi OBJECT IDENTIFIER ::= {isisoi attributeGroup, (8)}
acoi OBJECT IDENTIFIER ::= {isisoi action (9)
noi OBJECT|IDENTIFIER ::= {isisoi notification (10)}
---object iderftifiers for notification parameters’-
se OBJECT IDENTIFIER ::= {sseoi specificProblems(3)}
areaMismatch OBJECT IDENTIFIER ::= {se areaMismatch(0)}
attemptToExfeedMaximumSequencéNumber OBJECT IDENTIFIER ::=

{se attemptToExceedMaximumSequenceNumber(1)}
authenticatiopFailure OBJEGT IDENTIFIER ::= {se authenticationFailure(2)}
corruptedLSHsDetected OBJECT IDENTIFIER ::= {se corruptedLSPsDetected(3)}
iDFieldLengfhMismat¢h OBJECT IDENTIFIER ::= {se iDFieldLengthMismatch(4)}
lanL1DesignatedIntermediateSystemChange OBJECT IDENTIFIER ::=

{se lank \DesignatedIntermediateSystemChange(5)}
ISPL1DatabaséOverload OBJECT IDENTIFIER ::= {se ISPL1DatabaseOverload(6)}
ISPL2DatabaseOverload OBJECT IDENTIFIER ::= {se ISPL2DatabaseOverload(7)}
manualAddressDroppedFromArea OBJECT IDENTIFIER ::= {se manualAddressDroppedFromArea(8)}
maximumAreaAddressesMismatch OBJECT IDENTIFIER ::= {se maximumAreaAddressesMismatch(9)}
ownLSPPurge OBJECT IDENTIFIER ::= {se ownLSPPurge(10)}
partitionVirtualLinkChange OBJECT IDENTIFIER ::= {se partitionVirtualLinkChange(11)}
rejectedAdjacency OBJECT IDENTIFIER ::= {se rejectedAdjacency(12)}
sequenceNumberSkip OBJECT IDENTIFIER ::= {se sequenceNumberSkip(13)}
versionSkew OBJECT IDENTIFIER ::= {se versionSkew(14)}

--11.3.1 ASN.1 types and values
AddressPrefix ::= BIT STRING(SIZE(0..160)) -- Size shall be a multiple of four, since the protocol represents these as semi-

octets
AdjacencyState ::= ENUMERATED/{ initializing(0), up(1), failed(2), down(3)}
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AdjacencyUsage::= ENUMERATED { undefined(0), levell(1), level2(2), levelland2(3)}
AreaAddress ::= OCTET STRING(SIZE(1..20))

AreaAddresses ::= SET OF AreaAddress

Boolean ::= BOOLEAN

CircuitID ::= OCTET STRING(SIZE(2..9))

CircuitType ::= ENUMERATED{ broadcast(0), ptToPt(1), staticIn(2), staticOut(3), dA(4)}
DatabaseState ::= ENUMERATED{ off(0), on(1), waiting(2)}

DesignatedISChange ::= ENUMERATED{ resigned(0), elected(1)}

HopMetric ::= INTEGER(0..maxLinkMetric)

IDLength ::= INTEGER(O0..8)

IntermediateSystemPriority ::= INTEGER(1..127)

ISType ::= ENUMERATED/{ level11S(1), level2IS(2)}

LocalDistinguishedName ::= CMIP-T.BaseManagedObjectld

LSPID ::= OCTET STRING(SIZE(2..11))

MappingType : ENUMERATED{ none(0), explicit(1), extractIDI(2), extractDSP(3)}
MaximumAreasddresses ::= INTEGER(0..254)

MaximumPathSplits ::= INTEGER(1..32)

MaximumVirtuglAdjacencies ::= INTEGER(0..32)

maxLinkMetric|[INTEGER ::= 63

maxPathMetric [NTEGER ::= 1023

MetricType ::= ENUMERATED{ internal(0), external(1)}

NAddress ::= NLM.NAddress

Type ::= ENUMERATED{ unknown(0), endSystem(1), intermediateSystem(2), 11IntermedifiteSystem(3),

OriginatingLSPBufferSize ::= INTEGER(512..1492)

originatingLSPBufferSizeMismatch OBJECT IDENTIFIER ::= {se‘originatingLSPBufferSizeMismatch(15)}
OutputAdjacendies ::= SET OF LocalDistinguishedName

OverloadStateChange ::= ENUMERATED{ on(0), waiting(1l)}

Password ::= OCTET STRING(SIZE(0..254))

Passwords ::= SET OF Password

PathMetric ::= INTEGER(0..maxPathMetric)

Reason ::= HNUMERATED{ holdingTimetExpired(0), checksumError(1), oneWayConnectivity(2), caJlRejected(3),
reserveTimerExpired(4), circuitDisabled(5), versionSkew(6), areaMismatch(7),
maximumBroadcastIntermediateSystemsExcegded(8), maximumBroadcastEndSystemsExceeded(9), wrongSystemType(10)}
ReceiveLSPBufiferSize INTEGER ::= 1492

SNPAAddress :]= NLM.SNPAAddress

SNPAAddresse$ ::= SET OF SNPAAddress

SNPAPrefix ::=[BIT STRING(SIZE(0..120))
sNPAPrefix-Default SNPAPrefix ::= ’B

sNPAMask-Defpult NAddress ::=’B

Sourceld ::= OQTET SFRING(SIZE(1..10))

Systemld ::= OCTET._STRING(SIZE(0..8))

Systemlds ::= SETOF Systemld

Version ::= GraphicString

VirtualLinkChange ::= ENUMERATED({ deleted(0), created(1)}
zero INTEGER ::=0

--11.3.2 Defaults and permitted values

callEstablishmentMetricIncrement-Default INTEGER ::= 0
completeSNPInterval-Default CommonMgt.Timer ::= {exponent 0, mantissa 10}
defaultMetric-Default INTEGER ::= 20

DefaultMetric-Permitted ::= INTEGER(1..maxLinkMetric)
dRISISHelloTimer-Default CommonMgt. Timer ::= {exponent 0, mantissal }
externalDomain-Default BOOLEAN ::= TRUE

iSISHelloTimer-Default CommonMgt. Timer ::= {exponent 0, mantissa 3}
I1IntermediateSystemPriority-Default INTEGER ::= 64
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12IntermediateSystemPriority-Default INTEGER ::= 64

manualAreaAddresses-Default AreaAddresses ::= {}

manualL.20nlyMode-Default BOOLEAN ::= FALSE

maximumAreaAddresses-Default INTEGER ::=3

maximumPathSplits-Default INTEGER ::=2

maximumLSPGenerationInterval-Default CommonMgt.Timer ::= {exponent 2, mantissa 9}
maximumVirtual Adjacencies-Default INTEGER ::=2

metricType-Default MetricType ::= internal
minimumBroadcastLSPTransmissionInterval-Default CommonMgt.Timer ::= {exponent -3, mantissa 33}
minimumLSPGenerationInterval-Default CommonMgt. Timer ::= {exponent 0, mantissa 30}
minimumLSPTransmissionlnterval-Default CommonMgt. Timer ::= {exponent 0, mantissa 5}
neighbourSNPA Address-Default SNPAAddress ::= {type NLM.sNPADTEAddress, address ' 'H}

optionalMetr
originatingl 1
originatingl.2
partial SNPIn|
password-De
passwords-D
pollESHelloH
reserveTimer
sNPAAddres
waitingTime

END

12

12.1 Conf

This subclaus
implementati

NOTE 72 Th|
implementati

12.1.1 St

12.1.1.1 Pr¢

A Protocol ImplementatiefiConformance Statement (PICS) shall be completed in respect of any claim for co

implementati
Annex A.

fault Password ::= °H

pfault Passwords ::= {} -- The empty set

ate-Default CommonMgt. Timer ::= {exponent 0, mantissa 50}
-Default CommonMgt. Timer ::= {exponent 2, mantissa 6}
ses-Default SNPAAddresses::= {}

Confformance

atic conformance réquirements

c-Detault INTEGER ::=0

LSPBufferSize-Default INTEGER ::= receive LSPBufferSize
LSPBufferSize-Default INTEGER ::= receive LSPBufferSize
erval-Default CommonMgt.Timer ::= {exponent 0, mantissa 2}

Default CommonMgt. Timer ::= {exponent 0, mantissa 60}

ormance for protocol implementation

e specifies the conformance for protocol implementation of intra-domain routeing protocol. The
pbn for protocol implementation shall support the following specification.

e conformance for protocol implementation is independent of the conformance for management i
bn specified in subclause 12.2

tocol implementation conformance statement

pn to this\nternational Standard: the PICS shall be produced in accordance with the relevant PI

12.1.1.2 Staticeonformancerequirementsforall S s— ——— |

A system claiming conformance to this International Standard shall be capable of:

a)
b)

according to 7.2.5;

©)
d)

e)

selection of paths according to 7.2.7 and 7.2.12
performing the robustness checks according to 7.2.8;

constructing a forwarding database according to 7.2.9;
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calculating a single minimum cost route to each destination according to 7.2.6 for the default metric specified in 7.2.2;

utilising Link State information from a system only when an LSP with LSP number 0 and remaining lifetime>0 is present
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2
h)

)

k)

D

w)

y)

130

if (and only if) Area Partition Repair is supported,

1) performing the operations according to 7.2.10;

2) performing the encapsulation operations in the forwarding process according to 7.4.3.2; and
3) performing the decapsulation operations in the re-ceive process according to 7.4.4.2;
assigning and computing area addresses according to 7.1.5 and 7.2.11;

generating local link state information as required by 7.3.2;

including information from Manual Adjacencies according to 7.3.3.1;

if (and only if) reachable addresses are supported, including information from reachable addresses according to 7.3.3.2;

generating multiple LSPs according to 7.3.4;

generating LSPs periodically according to 7.3.5;

generating L. SPs on the occurrence of events according to 7.3.6;
generating gn LSP checksum according to 7.3.11;

operating the Update process according to 7.3.12—7.3.17 including controlling the rate’of LSP transmission fonly for each
broadcast cjrcuit (if any) according to 7.3.15.6;

operating the LSP database overload procedures according to 7.3.19.1;
selecting the appropriate forwarding database according to 7.4.2;
forwarding [[SO 8473 PDUs according to 7.4.3.1 and 7.4.3.3;

operating tHe receive process according to 7.4.4.1;

performingjon each supported point-to-point circuit (if-any):

1) forming and maintaining adjacencies according'to 8.2;

performing|on each supported ISO 8208 cireuit (1f any)

1) SVC egtablishment according to 8.32:1 using the net-work layer protocols according to 8.3.1;
2) Ifreachable addresses are supported; the operations specified in 8.3.2.2 — 8.3.5.6.

3) If callgstablishmentMetriclacrement greater than zero are supported, the operations specified in 8.3.53.
4) If the rg¢verse path cache is(supported, the operations specified in 8.3.3

performinglon each supposted broadcast circuit (if any)

1) the psepdonode ¢perations according to 7.2.3;
2) controiing thesrate of LSP transmission according to 7.3.15.6;

3) the opdrations/specified in 8.4.2-8.4.5 and 8.4.7;
4) the opgratiefis specified in 8.4.5.

constructing and correctly parsing all PDUs according to clause 9;
providing a system environment in accordance with clause 10;

being managed via the system management attributes defined in clause 11. For all attributes referenced in the normative
text, the default value (if any) shall be supported. Other values shall be supported if referenced in a REQUIRED VALUES
clause of the GDMO definition;

If authentication procedures are implemented:

1) the authentication field processing functions of clauses 7.3.7-7.3.10, 7.3.15.1-7.3.15.4, 8.2.3-8.2.4, and 8.4.2.1;
2) the Authentication Information field of the PDU in clauses 9.5-9.13.
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12.1.1.3 Static conformance requirements for level 1 ISs

A system claiming conformance to this International Standard as a level 1 IS shall conform to the requirements of 12.1.2 and in
addition shall be capable of

a) identifying the nearest Level 2 IS according to 7.2.9.1;
b) generating Level 1 LSPs according to 7.3.7;
c) generating Level 1 pseudonode LSPs for each supported broadcast circuit (if any) according to 7.3.8;

d) performing the actions in Level 1 Waiting State according to 7.3.19.2

12.1.1.4 Static conformance requirements for level 2 ISs

A system clajming conformance to this International Standard as a level 2 IS shall conform to the requirements{of 12.1.2 and in
addition shal] be capable of

a) setting the attached flag according to 7.2.9.2;

b) generating Level 2 LSPs according to 7.3.9;

c) generatifg Level 2 pseudonode LSPs for each supported broadcast circuit (if any),ac¢cording to 7.3.10;
d) performihg the actions in Level 2 Waiting State according to 7.3.19.3.

12.1.2 Dynamic conformance

12.1.2.1 Rdceive process conformance requirements

Any protocoll function supported shall be implemented in accordance with 7.4.4.

12.1.2.2 Update process conformance requirements

Any protocol| function supported shall be implemented in accordance with 7.3 and its subclauses.
Any PDU trapsmitted shall be constructed in aceordance with the appropriate subclauses of clause9.
12.1.2.2.1 Decision process conformanee requirements

Any protocol function supported ghall be implemented in accordance with 7.2 and its subclauses.

12.1.2.3 Farwarding process conformance requirements

Any protocol| function Supported shall be implemented in accordance with 7.4 and its subclauses.

12.1.2.4 Performance requirements

This International Standard requires that the following performance criteria be met. These requirements apply regardless of
other demands on the system; if an Intermediate system has other tasks as well, those will only get resources not required to
meet these criteria.

Each Intermediate system implementation shall specify (in its PICS):

a) the maximum number of other Intermediate systems it can handle. (For L1 Intermediate systems that means Intermediate
systems in the area; for L2 Intermediate systems that is the sum of Intermediate systems in the area and Intermediate
systems in the L2 subdomain.) Call this limit N.

b) the maximum supported forwarding rate in ISO 8473 PDUs per second.
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12.1.2.4.1 Performance requirements on the update process

The implementation shall guarantee the update process enough resources to process N LSPs per 30 seconds. (Resources =
CPU, memory, buffers, etc.)

In a stable topology the arrival of a single new LSP on a circuit shall result in the propagation of that new LSP over the other
circuits of the IS within one second, irrespective of the forwarding load for ISO 8473 data PDUs.

12.1.2.4.2 Performance requirements on the decision process

The implementation shall guarantee the decision process enough resources to complete (i.e. start to finish) within 5 seconds, in
a stable topology while forwarding at the maximum rate. (For L2 Intermediate Systems, this applies to the two levels together,

not each level s

12.1.2.4.3 Red

An ideal Interm
while simultane
of real Interme
dramatically aff}

a) A stable top

b) Some forw

Palatb})’.)
eption and processing of PDUs

pdiate system would be able to correctly process all PDUs, both control and data, with'which it w
pbusly running the decision process and responding to management requests. Howdver; in the imj
diate systems some compromises must be made. The way in which these, ‘cémpromises a

ology should result in stable routes when forwarding at the maximum rated forwarding rate.

hirding progress should always be made (albeit over incorrect routes) even in the presence of

et the correctness of operation of the Intermediate system. The following general principles apply.

as pre sented,
blementations
re made can
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In order to furth
necessary to ide
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er characterise the required behaviour, it is
htify the following types of traffic.
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topology. I
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dropped be

This traffic is important for maintaining Intermediate system adjacencies and hence the Interm
h order to prevent gratuitous topology. changes\t is essential that Intermediate system adjace
o down erroneously. In order to achieve this-no more than ISISHoldingMultiplier - 1 1IH P
ween any pair of Intermediate systems. A safer requirement is that no IIH PDUs are dropped.

pdiate system
ncies are not
DUs may be

lo-Timer and
stems on the

The rate of farrival of [TH PDUs is approximately constant and is limited on point—to-point links to 1/iSISHe
on LANs t¢ a value of approximately 2(n/iSISHelloTimer) + 2, where # is the number of Intermediate sy
LAN (assuthing the worst case that they are-all-Level 2 Intermediate systems).
d) ESH PDU
latency. As
extra contrd

traffic. This traffic is important for maintaining End system adjacencies, and has relatively lo
with IIH PDUs, loss . of\End system adjacencies will cause gratuitous topology changes which
| traffic.

W processing
will result in

The rate of]
conditions.
systems on
period of al

arrival of ESH\PDUs on point—to-point links is limited to approximately 1/DefaultESHelloTifer under all
On LANSs thesbackground rate is approximately n/DefaultESHelloTimer where n is the number of End
the LAN¢ The maximum rate during polling is limited to approximately n/pollES-HelloRate avgraged over a
out 2 munutes. (Note that the actual peak arrival rate over a small interval may be much higher thgn this.)

e) LSP (and SNPjtraffic. This traffic will be retransmitted indefinitely by the update process if it is dropped, fo there is no
requirement to be able to process every received PDU. However, 11 a substantial proportion are lost, the rate of
convergence to correct routes will be affected, and bandwidth and processing power will be wasted.

On point-to-point links the peak rate of arrival is limited only by the speed of the data link and the other traffic flowing on that link. The
maximum average rate is determined by the topology.

On LANs the rate is limited at a first approximation to a maximum rate of 1000/minimumBroadcastLSP-
TransmissionInterval, however it is possible that this may be multiplied by a factor of up to n, where # is the number of
Intermediate systems on the LAN, for short periods. An Intermediate system shall be able to receive and process at least
the former rate without loss, even if presented with LSPs at the higher rate. (i.e. it is permitted to drop LSPs, but must
process at least 1 000/minimumBroad-castLSPTransmissionInterval per second of those presented.)

The maximum background rate of LSP traffic (for a stable topology) is dependent on the maximum supported
configuration size and the settings of maximumLSP-Generationinterval. For these purposes the default value of 900
seconds can be assumed. The number of LSPs per second is then very approximately (n; + n, +n, /x)/900 where n; is the
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number of level 1 Intermediate systems, 7, the number of level 2 Intermediate systems, 7, the number of End system IDs
and x the number of ID which can be fitted into a single LSP.

NOTE 73  This gives a value around 1 per second for typical maximum configurations of:

4000 IDs
100 L1 Intermediate systems per arca
400 L2 Intermediate systems.

Data Traffic. This is theoretically unlimited and can arrive at the maximum data rate of the point—to-point link or LAN
(e.g. 14 000 PDUs per second for a 10 Mbps CSMA/CD LAN). In practice it will be limited by the operation of the
congestion avoidance and control algorithms, but owing to the relatively slow response time of these algorithms,
substantial peaks are likely to occur.

An Intefmediate system shall state in its PICS its maximum forwarding rate. This shall be quoted-umder at least the
following conditions.

1) A stpble topology of maximum size.

2) A mpximally unstable topology. This figure shall be non-zero, but may reasonably be as, low as 1 PDU per second.

The imp|ementation shall be capable of receiving the maximum rate of ISH PDUS without loss whenever the following
conditiops hold:

1) the |data forwarding traffic rate averaged over any period of one second does not exceed the|rate which the
implementation claims to support; and

2) the ESH and LSP rates do not exceed the background (stable tepology) rate.

If it is uavoidable that PDUs are dropped, it is a goal that the.erder of retaining PDUs shall be as folloys (i.e. It is least
desirabld for ITH PDUs to be dropped).

1) IH PDUs

2) ESH PDUs

3) LSPs and SNPs
4) data|PDUs.

However, no|class of traffic shall be completely starved. One way to achieve this is to allocate a queue of spitable length to
each class offtraffic and place the PDUs prito the appropriate queue as they arrive. If the queue is full the PDUs are discarded.
Processor regources shall be allocated to“the queues to ensure that they all make progress with the same priprities as above.
This model gssumes that an implementation is capable of receiving PDUs and selecting their correct queue fit the maximum
possible datalrate (14 000 PDUs(per second for a LAN). If this is not the case, reception of data traffic at a rate greater than
some limit (which must be greater than the maximum rated limit) will cause loss of some IIH PDUs even in a|stable topology.

This limit shgll be quoted in the PICS if it exists.

NOTE 74 Stqrting from., the stable topology condition at maximum data forwarding rate, an increase in the arrival rate pf data PDUs will
initially only cFuse somie"data NPDUs to be lost. As the rate of arrival of data NPDUs is further increased a point may bq reached at which

random PDUs faredropped. This is the rate which must be quoted in the PICS.

12.1.2.4.4 Transmission

Sufficient processor resources shall be allocated to the transmission process to enable it to keep pace with reception for each
PDU type. Where prioritisation is required, the same order as for reception of PDU types applies.

12.2 Conformance for management information implementation

This subclause specifies the conformance for management information implementation of intra-domain routeing protocol. The
supplier of implementation for management information implemen-tation shall support the following specification.

NOTE 75 The conformance for management information implementation is independent of the conformance for protocol implementation
specified in subclause 12.1
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12.2.1 Static Conformance

The implementation shall conform to the requirements of this International Standard in the manager role, the agent role, or
both roles. A claim of conformance to at least one role shall be made in Table G.1 of this International Standard.

If a claim of conformance is made for support in the manager role, the implementation shall support at least one management
operation or notification or action of the managed objects specified by this International Standard. The conformance
requirements in the manager role for those management operations and notifications and actions are identified in Table G.3 and
further tables referenced by Annex G.

If a claim of conformance is made for support in the agent role, the implementation shall support one or more instances of the
adjacency managed object class, the destination managed object class, the destination area managed object, the destination

system manage
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8825-1 named
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12.2.4.1 Conformance to level 1 ISs

An implementation claiming conformance to the level 1 IS of this International Standard in the agent role as a managed
implemen-tation shall support the adjacency MO and the destination MO

12.2.4.2 Conformance to level 2 ISs

An implementation claiming conformance to the level 2 IS of this International Standard in the agent role as a managed
implementation shall support the adjacency MO. the destination system MO. the destination area MO. the virtual adjacency
MO and the reachable address MO.
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Annex A
(normative)

PICS pro forma

A.1 Introduction

The supplier of a protocol implementation which is claimed to conform to International Standard ISO 10589, whether as a
level 1 or level 2 Intermediate system implementation, shall complete the applicable Protocol Implementation Conformance

Statement (P

CS) nra forma
J *

A completed
options of thq

by the pi

oversight;

by the sy
of the in
pro form|
by the u
with and
predicted
by a pro
impleme|

A.2 Abbs
A.2.1 Stat

M mandatq
O optional
O.<n> opti
X prohibit
not appl
c.<p> cor

A.3 Insty
A.3.1 Gen

PICS pro forma is the PICS for the implementation in question. The PICS is a statement of which
protocol have been implemented. The PICS can have a number of uses, including use:

otocol implementor, as a check-list to reduce the risk of failure to conform to the International S

]

pplier and acquirer — or potential acquirer — of the implementation, as a detailed indication o

A5

er — or potential user — of the implementation, as a basis for initially’ checking the possibility

ther implementation (note that, while interworking can never be guaranteed, failure to interw
from incompatible PICS’s);

ocol tester, as the basis for selecting appropriate tests against which to assess the claim for con

htation.

reviations and special symbols

us-related symbols
ry
ed

cable
ditional requirement, according to condition <p>

uctions for completing the pics pro formas

eral structure of the PICS pro forma

capabilities and

tandard through

" the capabilities

plementation, stated relative to the common basis for understanding provided by the Internationgl Standard PICS

of interworking
rk can often be

formance of the

nal, but support of at least one of the group of options labelled by the same numeral <n> is required.

The first part of the~PICS pro forma — Implementation Identification and Protocol Summary — is to 1
indicated with thelinformation necessary to identify fully both the supplier and the implementation.
The main part\0f“the PICS pro forma is a fixed-format questionnaire divided into subclauses each contaihing a group of
individual items. Answers to the quesfionnaire items are to be provided in the rightmost column, either by simply marking an
answer to indicate a restricted choice (usually Yes or No), or by entering a value or a set or range of values. (Note that there are
some items where two or more choices from a set of possible answers can apply: all relevant choices are to be marked.)

e completed as

Each item is identified by an item reference in the first column; the second column contains the question to be answered; the
third column contains the reference or references to the material that specifies the item in the main body of the International
Standard. The remaining columns record the status of the item — whether support is mandatory, optional or conditional — and
provide the space for the answers: see A.3.4 below.

A supplier may also provide — or be required to provide — further information, categorised as either Additional Information
or Exception Information. When present, each kind of further information is to be provided in a further subclause of items
labelled A<i> or X<i> respectively for cross-referencing purposes, where <i> is any unambiguous identification for the item
(e.g. simply a number): there are no other restrictions on its format and presentation.
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A completed PICS pro forma, including any Additional Information and Exception Information, is the Protocol

Implementation

Conformance Statement for the implementation in question.

NOTE 76 Where an implementation is capable of being configured in more than one way, a single PICS may be able to describe all such
configurations. However, the supplier has the choice of providing more than one PICS, each covering some subset of the implementation’s
configuration capabilities, in case this makes for easier and clearer presentation of the information.

A.3.2 Additional information

Items of Additional Information allow a supplier to provide further information intended to assist the interpretation of the
PICS. It is not intended or expected that a large quantity will be supplied, and a PICS can be considered complete without any
such information. Examples might be an outline of the ways in which a (single) implementation can be set up to operate in a

variety of envir
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It may occasio
conditions have
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inserted answer

An implementation for which an Exception item is required in this way does.1ot conform to ISO 10589.
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on Information.

nally happen that a supplier will wish to answer an item with mandatory ;or prohibited stat
been applied) in a way that conflicts with the indicated requirement. No{pre-printed answer wi
mn for this, but the Supplier may write the desired answer into the Support column. If this is dong
ovide an item of Exception Information containing the appropriat¢ rationale, and a cross-referg
to the Exception item.

ossible reason for the situation described above is that'a defect report is being progressed, which
juirement that is not met by the implementation.

itional items

brma contains a number of conditional items. These are items for which the status — mandator
at applies is dependent upon whether or not certain other items are supported, or upon the values
hany cases, whether or not thé\iteém applies at all is conditional in this way, as well as the status ¥

tional items are indicated by a conditional symbol in the Status column as described in A.3.4.2 bd
re subject to the §ame condition for applicability, a separate preliminary question about the cong

itional'symbols and conditions

A conditional s

e included in

us (after any
1 be found in
, the supplier
nce from the

s expected to

, optional or
supported for
vhen the item

low. Where a
lition appears
le” answer is

ymbol is of the form c.<n> or ¢.G<n> where <n> is a numeral. For the first form, the numerj

1 identifies a

condition appearing in a list at the end of the subclause containing the item. For the second form, c.G<n>, the numeral
identifies a condition appearing in the list of global conditions at the end of the PICS.

A simple condition is of the form:
if <p> then <s1> else <s2>
where <p> is a predicate (see A.3.4.3 below), and <s1> and
<s2> are either basic status symbols (M,0,0.<n>, or X) or the symbol “~”. An extended condition is of the form

if <p1> then <s1> else <s2>
else if <p2> then <s2>
[else if <p3>...]

else <s

where <p1> etc.

136

n >

[T L

are predicates and <s1> etc. are basic status symbols or
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The status symbol applicable to an item governed by a simple condition is <s1> if the predicate of the condition is true, and
<s2> otherwise; the status symbol applicable to an item governed by an extended condition is <s i > where <p i > is the first
true predicate, if any, in the sequence <p1>, <p2>..., and <s n > if no predicate is true.

A34.3

Predicates

A simple predicate in a condition is either

a)

a single item reference; or

b) a relation containing a comparison operator (=, <, etc.) with one (or both) of its operands being an item reference for an
item taking numerical values as its answer.

In case (a) th
true if the rel
referred to.

Compound p
OR and NOT
to true when

Items whose
an asterisk in|

A.3.44 Ajpswering conditional items
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applicable st
marked in thil
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For example
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e predicate is true if the item referred to is marked as supported, and false otherwise. In case~(b)
htion holds when each item reference is replaced by the value entered in the Support column as an
redicates are Boolean expressions constructed by combining simple predicates using the Boolean
he simple predicates are interpreted as described above.

Feferences are used in predicates are indicated by
the Item column.

conditional item, the predicate(s) of the condition is¢(are) evaluated as described in A.3.4.3
tus symbol is determined as described in A.3.4.2. If'the status symbol is “—" this indicates that
5 case; otherwise, the Support column is to be completed in the usual way.

more basic status symbols appear in a condition:for an item, the Support column for the item cont
rding to the value of the condition (unseleéted lines may be crossed out for added clarity).
in the item illustrated below, the N/A column would be marked if neither predicate were true;

would be marked if item A4 was'marked as supported, and the answer line labelled “O:” would
uding items D1 and B52 applied.

the predicate is
swer to the item

operators AND,

, and parentheses, in the usual way. A compound predicate is true if and only if'the Boolean expiession evaluates

above, and the
he item is to be

ains one line for
d by the symbol

the answer line
be marked if the

Item References Status N/A Support
H3 Is ... supported? | 42.3(d) C.1 0 M: Yes O
O: YesONoO
C.1 if A4 thenM

els

if DI AND (B52 < 3) then O else —
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A.4 Identifi

A.4.1 Implementation identification

A.4.2 Protocol summary: ISO 10589

9:2002(E)

cation

Supplier

Contact point for queries
about this PICS

Implementation Name(s) and
Version(s)

and V

Operating system Name(s)

rsionls)
A\

Operating Sy

Other Hardware and

stems Claimed

System

Name(s)

(if different)

Notes:

a) Only the firsf three items are required for all implementations; others may be completed as appropriate in meeting the rgquirements for
full identification.

b) The terms Nfme and Version should be interpreted appropriately to correspond with a supplier’s terminology (using, e.g, Type, Series,

Model)

A.4.3 Protod

ol summary: ISO 10589

Protocd

1 Version

(ifap

Addenda Implemented

licable)

Amendmentp Implemented

Have any excg¢ption items been required (see A.3.3)? No O YesO
(The answer Yes means that the implementation does fiot conform to ISO 10589)

| Date of

Statement
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timers whose expiration causes
transmission of.a PDU?

Item Functionality/Description References Status Support
AllIS Are all basic IS-IS routeing 12.1.2 Yes O
functions implemented?
System Is the system capable of being 11 Yes O
Management managed by the specified
management information ?
Authentication Is PDU authentication based on 7.3.7-7.3.10, 0 YesO NoO
passwords implemented? 7.3.15.1-7.3.154,
8.2.3-8.2.4,8.4.1.1
Default Metric Is the default metric <nppnr‘red‘7 722 726 M Yes [
Delay Mettic Is the delay metric supported? 7.2.2,7.2.6 o YesO Nol
Expense Metric Is the expense metric supported? | 7.2.2,7.2.6 o YesO NoU
Error Metr]c Is the error metric supported? 7.2.2,7.2.6 o Yes - WNo O
ID Field L¢ngth | What values of 7.1.3 M values'=
RouteingDomainIDLength (from
theset 1-8) are supported by this
implementation?
YesO NolO
Is the value configurable by
system management?
Forwarding Rate | How many ISO 8473 PDUs can 12.2.4.1b M PDUs/sec =
the implementation forward per
second ?
Performange Are the implementation 12.2.4 M Yes O
performance criteria met?
A.5.1 System environment: general
Item Functionality/Description References Status Support
I1S09542 Are the appropriate ISQ.L9542 | 10.3,8.2.1-8.2.2, Yes O
operations implemented? 8.3.4,8.4.584.6
Timer Jittef Is jitter introduced-inall periodic | 10.1 Yes O
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A.5.2 Subnetwork dependent functions: general

Item Functionality/Description References Status Support
*LAN Are the subnetwork dependent 8.4 0.1 YesO NoO
functions for broadcast
subnetworks implemented?
LANIS Are the LAN IS adjacency 8.4.1-8.43 LAN:M | N/AO YesO
Adjacencies establishment operations
implemented?
LANES Are the LAN ES adjacency 8.4.6 LAN:M | N/AO YesO
Adjacencies establishment operations
implemented?
LAN DIS Are the LAN designated IS 8.4.4,8.4.5 LAN:M | N/AO YesO
operations implemented?
*8208 Static Are the subnetwork dependent 8.3 0.1 Yesd WNotl
functions for ISO 8208
subnetworks implemented?
8208 SNDCF Are the ISO8208 Subnetwork 8.3.1,8.3.2.1 C.1: M NAO  YesO
Dependent Convergence
Functions implemented?
*PtPt Are the subnetwork dependent 8.2 0.1 YesO NoO
functions for point-to-point
subnetworks implemented?
PtPt IS Are the point-to-point IS 822-825 C2:M N/AO YesO
Adjacencies adjacency establishment
operations implemented?
PtPt ES Are the point-to-point ES 8.2.1 C2:M N/AO YesO
Adjacencies adjacency establishment
operations implemented?
PtPt IIH PDU Are point-to-point IIH PDUs 9.7 Cc2:M N/AO YesO
correctly constructed and parsed?

C.11if 8208 Stat
C.2 if PtPt or 82

c or 8208 DA then M else —
08 Static then M else —
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A.5.3 Update process: general

Item Functionality/Description References Status Support
LSP Periodic Is periodic generation of new 7.3.2,7.3.5, M Yes O
Generation local LSPs implemented? 7.3.13
LSP Event Is event driven generation of new | 7.3.6 M Yes O
Driven local LSPs implemented?
Generation
Pseudonode LSP | Is generation of pseudonode LSPs | 7.3.8, 7.3.10 LAN:M N/AO YesO
Generation implemented?
Multiple LSP IS multiple LSP generation 7.3.4 M Yes O
Generation implemented?
LSP Propagation | Is propagation of LSPs 7.3.12,73.14, | M Yes O
implmented? 7.3.15.1,
7.3.15.5
LSP Lifetine Are the LSP lifetime control 7.3.16.3, M Yes &
Control operations implemented? 7.3.15.4
CSNP Is the generation of CSNPs 7.3.15.3, M Yes O
Generation implemented? 7.3.17
PSNP Gengration | Is the generation of PSNPs 7.3.15.4, M Yes O
implemented? 7.3.17
SNP Procepsing | Are the sequence number PDU 7.3.15.2, M Yes O
processing procedures 7.3.17
implemented?
LSDB Ovefload | Are the LSP database overload 7.3.19 M Yes O
operations implemented?
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A.5.4 Decision process: general

Item Functionality/Description References Status Support
Minimum Cost Path | Is computation of a single 7.2.6 M Yes O
minimum cost path based
upon each supported metric
implemented?
Equal Cost Paths Is computation of equal 7.2.6 o YesO NoO
minimum cost paths based
upon each supported metric
implemented?
Down Stream Paths | Is computation of 126 (0] Yes[d No[
downstream routes based
upon each supported metric
implemented?
Multiple LSP Are multiple LSPs used only | 7.2.5 M Yes [J
Recognition when a LSP with LSP#0 and
remaining lifetime greater 0
is present?
Overloaded I Are links to Iss with 7.2.8.1 M Yes O
Exclusion overloaded LSDBs ignored?
Two Way Are links not reported by 7.2.8.2 M Yes O
Connectivity both end ISs ignored?
Path Preferenge Is the order of preference for | 7.2.12 M Yes O
path selection implemented?
Excess Path Is removal of excess paths 7.2.7 M Yes O
Removal implemented?
FIB Construction Is the construction of 7.2.9 M Yes O
ISO8473 Forwarding
Information Bases
implemented?
A.5.5 Forwgrd/receive process: general
Item Functionality/Desciption References Status Support
FIB Selection Is selection of.appropriate 7.4.2 M Yes O
Forwarding Information Base
implemented?
NPDU Forwapding Is forwarding of ISO8473 7.43.1,74.33 Yes O
PDUsimplemented?
Receive Procgss Are the basic receive process | 7.4.4 Yes O
fanctions implemented?
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Item Functionality/Description References Status Support
*L1IS Are Level 1 IS-IS routeing 12.1.3 M Yes O
functions implemented?
Maximum Area What values of 7.1.5,7.2.11 L1IS:M values=
Addresses maximumAreaAddresses are
supported by this
implementation?
Area IS Count How many ISs can this 12.2.4 L1IS:M N=
system support in a single
area?
L1 ManuallES Are the manual ES 7.3.3.1 L1IS:M Yes O
Adjacency adjacencies implemented?
A.6.1 Level 1 subnetwork dependent functions
Item Functionality/Description References Status Support
L1 LAN IIH PDU Are L1 LAN IIH PDUs 9.5 C3:M N/AO Yes[
correctly constructed and
parsed?
C.3 if L1IS apd LAN then M else —
A.6.2 Level 1 update process
Item Functionality/Description Réferences Status Support
L1 LS PDUY Are L1 LS PDUs correctly 9.8 L1IS: M Yes O
constructed and parsed?
L1 CSN PIDU Are L1 CSN PDUs correctly ™| 9.10 L1IS:M Yes O
constructed and parsed?
L1 PSN PDU Are L1 PSN PDUs cgrrectly 9.12 L1IS:M YesO
constructed and parsed?
A.6.3 Level 1 decision process
Item Functionality/Description References Status Support
L1 Nearest{ L2 IS Is-the identification of the 7.2.9.1 L1IS:M Yes O
Identificatipn nearest L2 IS implemented?
L1 Area Adldresses. | Is the computation of area 7.2.11 L1IS:M Yes O

Computatign

addresses implemented?
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A.7 Protocol summary: ISO 10589 level 2 specific functions

Item Functionality/Description References Status Support
*L2IS Are Level 2 IS-IS routeing 12.1.4 o YesO NoO
functions implemented?
IS Count What is the total number of 12.2.4 L2IS: M N/AO N=
ISs that this L2 IS can
support?
L2IS Count How many level 2 ISs does 12.2.4.1 L2IS:M N/AO N=
this implementation support?
*RA Prefix Are Reachable Address 8.1,7.332 L2IS:O N/AQO YesO No O
Prefixes supported on
circuits?
External Metrjcs Are external metrics 72.2,72.12, RA Prefix:M N/AO YesH
supported? 7.3.3.2
*Partition Is level 1 partition repair 7.2.10 L2IS:0 N/A BYes O NoO
implemented?
A.7.1 Level 2 subnetwork dependent functions
Item Functionality/Description References Status Support
L2 LAN IIH ¥DU Are L2 LAN IIH PDUs 9.6 C.4M N/AO YesO
correctly constructed and
parsed?
*8208 DA Are ISO8208 Dynamic 8.3 0.1 YesO NoO
Assigned circuits
implemented?
RA Adjacenc Are the reachable address 8.3.2,2:8.3.5.6 8208 DA:O N/A 0O YesO
Management adjacency management
operations implemented?
Call Establishiment | Are non-zero values of the 8.3.5 8208 DA:O N/A 0O YesO NoO
Metric Increnjent callEstablishmentMetric-
Increment supported?
Reverse Path Cache | Is 8208 reverse path.cache 833 8208 DA:O N/A 0O YesO NoO
implemented?
C.4 if L2IS and [LAN then M else —
A.7.2 Level R update process
Item Functionality/Description References Status Support
L2 LS PDU Are L2 LS PDUs correctly 9.9 L2:M N/AO YesO
constructed and parsed?
L2 CSN PDU Are L2 CSN PDUs correctly | 9.11 L2:M N/AO YesO
constructed and parsed?
L2 PSN PDU Are L2 PSN PDUs correctly | 9.13 L2:M N/AO YesO
constructed and parsed?
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Item Functionality/Description References Status Support
L2 Attached Flag Is the setting of the attached 7.29.2 L2IS:M N/AO YesO
flag implemented?
L2 Partition DIS Is the election of the partition | 7.2.10.2 Partition:M N/AO YesO
election L2 DIS implemented?
L2 Partition Area Is the computation of L1 7.2.10.3 Partition:M N/AO YesO
Addresses partition area addresses
Computation implemented/
L2 DIS Partition Is partition detection and 7.2.10.1 Partition:M N/AO YesO
Repair repair via virtual L1 links
implemented?
A.7.4 Level 2 forward/receive process
Item Functionality/Description References Status Support
L2 NPDU Is the encapsulation of 7.2.10.4,7.4.3.2 | Partition:M N/AO Yes[
Encapsulatjon NPDUs implemented?
L2 NPDU Is the decapsulation of 7.4.4 Partition\ M N/AO YesD
Decapsulatjon NPDUs implemented?
L2 Encapsylated Is the encapsulated NPDU 7.2.10.57.43 L2ISM N/AO YesD
NPDU Forpvarding | forwarding implemented
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Annex B
(informative)

Supporting technical material

B.1 Addressing and routeing

In order to ensure the unambiguous identification of Network and Transport entities across the entire OSIE, some form of

address administration is mandatory. ISO 8348 specifies a hierarchical structure for network addresses, with a n

umber of top-

level domains responsible for administering addresses on a world-wide basis. These address registration auth
delegate to sub

own addresses.

amounts of potential address space.

If network topglogies and traffic matrices aligned naturally with the hierarchical organisation of address 4
authorities, this |profligate use of hierarchy would pose little problem, givenythe large size (20 octets) of the N-3

Unfortunately,
administration b

is is not usually the case, especially at higher levels ofithe hierarchy. Network topologies may
oundaries in many cases, for example:

Multi-natiopal Corporations with a backbone network that.spans several countries

Communityf-of-interest networks, such as academic orresearch networks, which span organisations and geog

Military nefworks, which follow treaty alignments rather than geographic or national administrations

governmen{ procurements.

These kinds of]
routeing techno
considerable am
consumption of

networks also exhijbit-rich internal topologies and large scale (10° systems), which require
logy such as that-provided by this International Standard. In order to deploy such networks
ount of addressispace must be left over for assignment in a way which produces efficient routes
memory and-bandwidth for routeing overhead".

Similarly impor
flexibility of thq

tant is<the inter-connection of these networks via Inter-domain routeing technology. If all of th
addresgsing scheme is exhausted in purely administrative hierarchy (at the high-order end of the)
in Intra-Domain| reut€ing assignment (at the low end of the address) there may be little or no address space left to

thorities the task of administering portions of the address space. There is a natural tendencyte, ¢
division to a relptively fine level of granularity in order to ease the task of each sub-authority, and to assign)resy
addresses to thg most “localised” administrative body feasible. This results in (at least in theory) reduced cos
administration gnd reduced danger of massive address duplication through administrative error. Furthermore, pg
come into play yhich require the creation of sub-authorities in order to give competing interests the ithpression of
parity”. For exapple at the top level of the ISO geographic address space, every country is assigned an equally-sij
the address spade even though some countries are small and might in practice never want to_undertake administj
ther examples abound at lower levels of the hierarchy, where divisions of.d corporation each w|
as an independgnt address assignment authority even though this is inefficient opérationally and may waste

Corporate fetworks where divisions at timies operate as part of a contractor’s network, such as with tradg

rities in turn
peat this sub-
onsibility for
ts of address
litical factors
“hierarchical
red portion of
ation of their
sh to operate
monumental

dministration
ddress space.
cross address

aphies

consortia or

sophisticated
cffectively, a
vithout undue

e assignment
address) and
customise to

the needs of inteT-domain routeing. 1he considerations for Now addresses may be structured Tor the Intra- and
cases are discussed in more detail in the following two clauses.

B.1.1 Address structure for intra-domain routeing

Inter-domain

The IS-IS Intra-domain routeing protocol uses a “preferred” addressing scheme. There are a number of reasons the designers of
this protocol chose to specify a single address structure, rather than leaving the matter entirely open to the address assignment

authorities and the routeing domain administrators:

a)

D" In other words, hierarchical routeing, with its natural effect on address assignment, is a mandatory requirement for such net
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b) If part of the address is known to be assigned locally to an end system, then the routeing can be simpler, use less memory,
and be potentially faster, by not having to discriminate based on that portion of the address.

c) If part of the address can be designated as globally unique by itself (as opposed to only the entire address having this
property) a number of benefits accrue:

1) Errors in address administration causing duplicate addresses become much less likely

2) Automatic and dynamic NSAP address assignment becomes feasible without global knowledge or synchronisation

3) Routeing on this part of the address can be made simple and fast, since no address collisions will occur in the
forwarding database.

d) If a part pfthe-addresscan-bereservedforassighment-purely-onthe basis-of topological-efficiency(as-opposed to political
or addreps administration ease), hierarchical routeing becomes much more memory and bandwidth ‘effficient, since the
addressep and the topology are in close correspondence.

e) Ifan upger bound can be placed on the amount of address space consumed by the Intra-domain-routeing $cheme, then the
use of address space by Inter-domain routeing can be made correspondingly more flexible,

The preferred
shown in figy

The field ma
logically con
meaning are
routeing domnj
the fields spe

B.1.1.1 Are

Since the In
preferred bin

B.1.1.2 The

The SEL fiel
multiple tran
The advantag
store routeing
tables, the si
Intra-domain
consumes lar|

address format of the Intra-domain IS—IS protocol achieves these goals by being structured into
re B.1 below:

ked AFI and IDI in the figure are precisely the IDP specified in ISO-8348. The field marked L
aining two parts. The high-order part is that portion of the DSP fron1 ISO 8348 whose structure,
ot specified or constrained by the Intra-domain IS—IS routeing protocol. However, the design p
ain administrator has at least some flexibility in assigning-aportion of the DSP field. The purp
cified by the Intra-domain IS—IS routeing protocol is explained in the following paragraphs.

h address

ra-domain IS-IS protocol is customised foriOperation with ISO 8473, all addresses are speo
hry encoding of ISO §8348.

Selector (SEL) Field

d is intended for two purposes. Its-main use is to allow for multiple higher-layer entities in End
port entities) for those systeth§\which need this capability. This allows up to 256 NSAPs in a sir
e of reserving this field exclusively for local system administration the Intra-domain routeing fu|
b information about, nofieven look at this field. If each individual NSAP were represented expli
ve of these tables would grow with the number of NSAPs, rather than with the number of Eng
routeing routes (toy Systems, explicit recording of each NSAP brings no efficiency benefit
be amounts of memory in the Intermediate systems.

fields as follows

ISP is treated as
assignment, and
resumes that the
se and usage of

ified to use the

ystems (such as
gle End system.
hctions need not
citly in routeing

systems. Since
and potentially

P N

Used by level 2 routeing

Used by level 1 routeing——p
T

| _AFL_ | DI ] . DSP |
< Area Address ¢ ID »¢ SEL
(variable length) (1<=1D<=8 octets) (1 octet)

Figure B.1 - Preferred Address Format
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A second use for the SEL field is in Intermediate systems. Certain IS—IS functions require that PDUs be encapsulated and sent
to the Network Entity in an Intermediate system rather than to an NSAP and upward to a Transport entity. An example of this
is the Partition Repair function of this International Standard. In order to use a level 2 path as if it were a single subnetwork in
a level 1 area, PDUs are encapsulated and addressed to an IS on the other side of the partition". By reserving certain values
of the SEL field in Intermediate systems for direct addressing of Intermediate system Network entities, the normal addressing
and relaying functions of other Intermediate systems can be transparently used for such purposes.

B.1.1.3 The identifier (id) field

The ID field is a “flat”, large identifier space for identifying OSI systems. The purpose of this field is to allow very fast, simple
routeing to a large (but not unconstrained) number of End systems in a routeing domain. The Intra-Domain IS-IS protocol uses
this field for routeing within a area. While this field is only required to be unambiguous within a single area, if the values are

chosen to be gld

First, a certain

along with othe
that the other fi
NSAP is unreac
forwarding tablg

Second, a consi
ID is chosen fro
ID is known to
address stored

i
centralised addlrz

reduces the pos
isolate.

An alternative t
levels of routein
lead to an inferi
a) The cost of
requiring at

b) Two levels
unlikely thg
¢) Administra
d) The additio
use of a larg
B.2 Use of

Dally unampiguous In€ Intra-aomain 15—15 design can €xXploit this Tact 1n the€ 1ollowing ways.

mount of parallelism can be obtained during relaying. An IS can be simultaneously progcessing
fields. If the ID is found in the forwarding table, the IS can initiate forwarding while.checking
blds have the expected value. Conversely, if the ID is not found the IS can assumélthat either
hable or exists only in some other area or routeing domain. In the case where the dD.is not global
can indicate this fact and relaying delayed until the entire address is analysed and the route looke

lerable savings can be obtained in manual address administration for all sy§tems in the routeing d
m the ISO 8802 48-bit address space (represented as a sequence of 6 octets as specified in ISO/IE
be globally unique. Furthermore, since LAN systems conforming t0)ISO 8802 often have theit
ROM locally, each system can be guaranteed to have a globally*unambiguous NET and NS4
ss administration at the area level®. This not only eliminate$-administrative overhead, but al
ibility of duplicate NSAP addresses, which are illegal, difficult to diagnose, and often extreme

a large, flat space for the lowest level of routeing would be to hierarchically subdivide this field
o within a single routeing domain. The designers‘of the Intra-domain IS—IS protocol considered t}
r routeing architecture, since:

memory in the ISs was sufficiently reasénable that large (e.g. 10 4 systems) areas were quite
least 2 octets per level to address

of routeing within a routeing domain were sufficient (allowing domains of 10 6 —10 7 systems) b

ive boundaries often bebome the dominant concern once routeing domains reach a certain size.

nal burdens and potential for error in manual address assignment were deemed serious enough
e, flat space.

the area address field in intra-domain routeing

Use of a porti

of
ISs in order to g['oup the ISs into a single area for the usual benefits of hierarchical routeing:

of the’DSP field provides for hierarchical routeing within a routeing domain. A value is assign

t a single organisation would-wish to operate and manage a routeing domain much larger than thaj.

the ID field
to make sure
he addressed
y unique, the
d up.

lomain. If the
C 10039), the
48-bit MAC
AP(s) without
50 drastically
ly difficult to

o allow more
nat this would

feasible, thus

ecause it was
[

to permit the

ed to a set of

a)
b)
¢)
d)

designating

Limiting the size of routeing tables in the ISs;

conserving bandwidth by hierarchical summarisation of routeing information;

portions of the network which are to have optimal routeing within themselves; and

moderate firewalling of portions of the routeing domain from failures in other portions.

D" This is a gross

oversimplification for the purpose of illustrating the need for the SEL field. See 7.2.10

2 Note, however, that the use of the ISO 8802 addresses does not avoid the necessity to run ISO 9542 or to maintain tables mapping NSAP
addresses to MAC (i.e. SNPA) adddresses on the ISO 8802 subnetwork. This is because there is no guarantee that a particular MAC address

is always enabled
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(the LAN controller may be turned off) or that a system has only a single MAC address.
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It is important to note that the assignment of high-order DSP values is intended to provide the routeing domain administrator
with a mechanism to optimise the routeing within a large routeing domain. The Intra-domain IS—IS designers did not intend the
DSP to be entirely consumed by many levels of address registration authority. Reserving the assignment of a portion of the
DSP field to the routeing domain administrator also allows the administrator to start with a single assigned Area Address and
run the routeing domain as a single area. As the routeing domain grows, the routeing domain administrator can then add areas
without the need to go back to the address administration authority for further assignments. Areas can be added and reassigned
within the routeing domain without involving the external address administration authority.

A useful field to reserve as part of the DSP would be 2 octets, permitting up to 65 536 areas in a routeing domain. This is
viewed as a reasonable compromise between routeing domain size and address space consumption. The field may be specified

as flat for the

B.2.1

It is in the Iy
Although the
firewalls ove
relays data a
practicality o
boundary ISs
the bandwidt

Inter-domain
address regis
maintenance
potentially a
corresponden
regions. For

authorities ate likely to reside in France and be more strongly“connected with other routeing domains in |1

routeing dom

There are eng
be expected

(HEPnet), w
operates as a
and cost-just
Far East) and
FERMIlab, fi

More import
countries, th
military netw
with HEPnet
one of the ex
as O(n’ ).

It seems ther

Addressing considerations for inter-domain routeing

same reasons that the ID field may be flat.

ter-domain arena where the goals of routeing efficiency and administrative independence collid]
OSI Routeing Framework explicitly gives priority in Inter-domain routeing to considgrations d
I efficiency, it must be feasible to construct an Inter-Domain topology that both preduces isolal
acceptable cost. Since no routeing information is exchanged across domain boundaries with st3
[f a given Inter-domain topology is essentially determined by the size of the routeing tables that a
. If these tables become too large, the memory needed to store them, the processing needed to S
h needed to transmit them within the routeing domain all combine to disallow’ certain forms of intg

routeing primarily computes routes to other routeing domains'.“If there is no corresponder
ration hierarchy and the organisation of routeing domains (and their interconnection) then the taj
quickly becomes a nightmare, since each and every routeing~domain in the OSIE would ne
every boundary IS of every other routeing domain. Lyckily, there is some reason to beliey
ce exists, since at least at the global level the addreSs’ régistration authorities fall within ce
example, most of the routeing domains which obtained their Area Addresses from a hier3

ains in other countries.

ugh exceptions to this rule, however, to be;aicause for concern. The scenarios cited in B.1 all exig
fo remain common for the foreseeable\future. Consider as a practical case the High Energy H
hich contains some 17 000 End systems, and an unknown number of intermediate systems
single routeing domain in order tg_provide a known set of services to a known community of use
fied on this basis. This network\is international in scope (at least 10 countries in North America,
yet its topology does not map ‘well onto existing national boundaries. Connectivity is richer bety
r example than between many points within the U.S.

hntly, this network has rich connectivity with a number of other networks, including the PDN
b NSFnet in the U'S., the international ESnet (Energy Sciences Network), the general resear|
orks in the U;S:“and elsewhere. None of these other networks shares a logical part of the NSAP a
) If the only*method of routeing from the HEPnet to these other networks was to place each wit]
sting registration authorities, and to build static tables showing these relationships, the tables wo)

e most strongly.
f autonomy and
ble domains and
tic routeing, the
re present at the
earch them, and
rconnection.

ce between the
bk of static table
bd a table entry
e that a natural
tain topological
rchy of French
France that with

t today and may
hysics Network
). This network
s, and is funded
Europe, and the
veen CERN and

s of the various
ch Internet, and
ddress hierarchy
hin one and only
uld clearly grow

cIore, that some means must be available 1o assign addresses 1 a way that captures the Tnter-Domain tOpOlOgy,

and which coexists cleanly with both the administrative needs of the registration authorities, and the algorithms employed by
both the Intra- and Inter-domain routeing protocols. As alluded to in an earlier clause, it seems prudent to leave some portion
of the address space (most likely from the high order part of the DSP) sufficiently undefined and flexible that various Inter-
domain topologies may be efficiently constructed.

" This International Standard also uses static Inter-domain tables for routeing to individual End systems across dynamically assigned

circuits, and also to End systems whose addresses do not conform to the address construction rules.

? The number of ISs is hard to estimate since some ISs and links are in fact shared with other networks, such as the similarly organised
NASA Space Physics network, or “SPAN”

» It is conceivable that ISO would sanction such networks by assigning a top-level IDI from the ISO non-geographic AFI, but this is
unlikely and would only axacerbate the problem if many such networks were assigned top-level registrations.
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Annex C
(informative)

Implementation guidelines and examples

C.1 Routeing databases

Each database contains records as defined in the following sub-clauses. The following datatypes are defined.

FROM CommonMgmt IMPORT NAddress,
AddressPrefix, BinaryAbsoluteTime;
IspI0} = ARRAY [0..iDLength-1] OF Octet;
systémID = ARRAY [0..iDLength] OF Octet;
octetimeStamp = BinaryAbsoluteTime;

C.1.1 Level|l link state database

This database if kept by Level 1 and Level 2 Intermediate Systems, and consists of the'latést Level 1 Link State PDUs from
each Intermedidte System (or pseudonode) in the area. The Level 1 Link State PDU lists Level 1 links to the| Intermediate
System that originally generated the Link State PDU.

REC
adr: 1spID;

(* ID of LSP originator *)

type: (ILevellIntermediateSystem,
AttachedLevel2IntermediateSystem,
UnattachedLevel2IntermediateSystem);
seqnunp: [0..SequenceModulus — 17;

LSPagg¢: [0..MaxAgel];

(*Remgining Lifetime *)

expiratjonTime: TimeStamp;
(*Time|at which LSP age became zero(see 7.3.16.4). ¥)
SRMflags: ARRAYT1..(maximumCircuits +
maximpmVirtual Adjacencies) JOF-BOOLEAN;
(*Indicates this LSP to be.sent on this circuit. Note that level 2 Intermediate systems may send leyel 1 LSPs to
other partitions (if any’exist). Only one level 2 Intermediate system per partition does this. For level ]| Intermediate
Systdms the array isfust maximumCircuits long. *)
SSNflggs: ARRAY] N maximumCircuits +
maximpmVirtualAdjacencies] OF BOOLEAN;
(*Indicatesthat information about this LSP shall be included in the next partial sequence number PD{J transmitted
on this gircuit. *)
POINTER/TO LSP;
(*¥The received LSP ¥)
END;

C.1.2 Level 2 link state database

This database is kept by Level 2 Intermediate Systems, and consists of the latest Level 2 Link State PDUs from each Level 2
Intermediate System (or pseudonode) in the domain. The Level 2 Link State PDU lists Level 2 links to the Intermediate
System that originally generated the Link State PDU.

RECORD

adr: IspID;

(* iDLength + 2 octet ID of LSP originator *)

type: (AttachedLevel2IntermediateSystem,
UnattachedLevel2IntermediateSystem);
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seqnum: [0..SequenceModulus — 1];

LSP

age: [0..MaxAge];

(*Remaining Lifetime *)

expi
(*Ti

rationTime: TimeStamp;
me at which LSP age became zero (see

7.3.16.4). %)
SRMflags: ARRAY/1..(maximumCircuits)] OF
BOOLEAN;

(*

Indicates this LSP to be sent on this circuit. ¥)

SSNflags: ARRAY[1..maximumCircuits] OF
BOOLEAN;
(*Indicates that information about this LSP must be included in the next partial sequence number PDU transmitted

0
PO
EN

C.13  Adj

This databasg
track of neigl

Adjacen
Broadca

NOTE 78 1
Broadca

potentiall
Virtual L

Each entry ¢
the remaining

IDE
1D:
(*
E.
entr’

(.*

Circuit Datal

this circuit. )
TER TO LSP; (*The received LSP *)

lacency database

is kept by all systems. Its purpose is to keep
ibours. For Intermediate systems, the adjacency database comprises a database with an entry for e

y on a Point-to-point circuit.
t Intermediate System Adjacency.

Both a Level 1 and a Level 2 adjacency can exist between the/same pair of systems

t End system Adjacency.
SVC on a DED circuit (maximumSVCAdjacenciesfor a DA circuit, or 1 for a Static circuit).
ink Adjacency.

ntains the parameters in Clause 11 for the Adjacency managed object. It also contains the varia
 holding time for each Adjacency IDEntry;-as defined below.

htry = RECORD
system|D;

The idLength octet System ID-of a neighbour End system extracted from the SOURCE ADDJ
SH PDUS. *)

VRemainingTime: Unsigned [1..65535]

The remaining holding>time in seconds for this entry. This value is not accessible to system 1
Iplementation may-cheose to implement the timer rules without an explicit remainingTime being

ample by the use of asynchronous timers. It is present here in order to permit a consistent descri
les. *)

asc

hch:

ble used to store

RESS field of its

nanagement. An
maintained. For
tion of the timer

This database

1S Kkept Dy all systems. Its purpose 1S to Keep Iniormation about a circuit. It

ARRAY[1..maximumCircuits].

comprises an

Each entry contains the parameters in Clause 11 for a linkage managed object. It also contains the remainingHelloTime
(WordUnsigned [1..65535] seconds) variable for the Circuit. This variable not accessible to system management. An
implementation may choose to implement the timer rules without an explicit remainingHelloTime being maintained. For
example by the use of asynchronous timers. It is present here in order to permit a consistent description of the timer rules.
Additionally, for Circuits of type “X.25 Static Outgoing” or “X.25 DA”, it contains the recallCount (Unsigned[0..255])
variable for the Circuit. This variable is not accessible to system management. It used to keep track of recall attempts.
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C.14

Level 1 shortest paths database

This database is kept by Level 1 and Level 2 Intermediate Systems (unless each circuit is “Level 2 Only*). It is computed by
the Level 1 Decision Process, using the Level 1 Link State Database. The Level 1 Forwarding Database is a subset of this
database.

C.15

RECORD
adr: systemld; (*idLength octet ID of destination system *)
cost: [1..MaxPathMetric];
(*Cost of best path to destination system *)
adjacencies: ARRAY(1..maximumPathSplits]
OF POINTER TO Adjacency;

3 - 1 ya 1 1ok
( P FIer Lo adjacericy Jor JOrwardilrig to-Sy Sl adr )

END;

Level 2 shortest paths database

This database is|kept by Level 2 Intermediate Systems. It is computed by the Level 2 Decision Prog€ss, using the{Level 2 Link

State Database. [The Level 2 Forwarding Database is a subset of this database.

C.1.6

RECORD
adr: AddressPrefix;
(*destipation prefix *)
cost: [1..MaxPathMetric];
(*Costlof best path to destination prefix *)
adjagencies: ARRAY[1..maximumPathSplits]
OF POINTER TO Adjacency;
(*Pojnter to adjacency for forwarding to prefix adr *)
END;

Level [l forwarding database

This database i kept by Level 1 and Level 2 Intermediate Systems (unless each circuit is “Level 2 Only*).|It is used to
determine wherg¢ to forward a data NPDU with destination within this system’s area. It is also used to determine how to reach a

Level 2 Intermefliate System within the area, for data-PDUs with destinations outside this system’s area.

C.1.7

RECORD
adr:sysfemld;
(*idLength octet ID of destination system. Destination “0” is special, meaning“nearest level 2| Intermediate
system *)
splits: [|0..maximumPathSplits];
(* Number of valid-output adj’s for reaching adr (0 indicates it “is unreachable) )
nextHgp: ARRAY{ L.maximumPathSplits] OF
POINTER TO adjacency;
(*Pointeito*adjacency for forwarding to destination system *)
END;

Level 2 forwarding database

This database is kept by Level 2 Intermediate systems. It is used to determine where to forward a data NPDU with destination
outside this system’s area.

152

RECORD
adr: AddressPrefix;
(*address of destination area. *)
splits: [0..maximumPathSplits];
(*Number of valid output adj’s for reaching adr (0 indicates it is unreachable) *)
nextHop: ARRAY[1..maximumPathSplits] OF
POINTER TO adjacency;
(*Pointer to adjacency for forwarding to destination area. *)
END;

© ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=704b012816bcf13d89c154ad1774229d

C.2 SPF

ISO/IEC 10589:2002(E)

algorithm for computing equal cost paths

An algorithm invented by Dijkstra (see references) known as shortest path first (SPF), is used as the basis for the route
calculation. It has a computational complexity of the square of the number of nodes, which can be decreased to the number of
links in the domain times the log of the number of nodes for sparse networks (networks which are not highly connected).

A number of

a)

additional optimisations are possible:

If the routeing metric is defined over a small finite field (as in this International Standard), the factor of log » may be

removed by using data structures which maintain a separate list of systems for each value of the metric rather than sorting

the syste

b) Updates

periodic

two) the

Internati

informat

The original
does permit 1

C.2.1 Dat

PATHS - T}
as a sel

Nisa

octet §

idLen
In the

(idLen

prefix

d(N) i3

{Adj()

path(s

TENT - Thi

TENT]
(N,x,{4
is guarante€d that no path shorter than x exists.

If only E
proper d

ms by logical distance.

can be performed incrementally without requiring a complete recalculation. However, a full upds
lly to recover from data corruption, and studies suggest that with a very small number of link\¢
expected computation complexity of the incremental update exceeds the complete recalculd
nal Standard specifies the algorithm only for the full update.

nd system LSP information has changed, it is not necessary to recompute the entite Dijkstra tree
ata structures exist, End Systems may be attached and detached as leaves of the tree and {
on base entries altered as appropriate.

SPF algorithm does not support load splitting over multiple paths. The)algorithm in this Intern
bad splitting by identifying a set of equal cost paths to each destination’rather than a single least ¢

hbases

is represents an acyclic directed graph of shortest paths“from the system § performing the calculg
t of triples of the form (N,d(N),{Adj(N)}), where:

kystem Identifier. In the level 1 algorithm, N isa(idLength+1) octet ID. For a non-pseudonode it
ystem ID, with a 0 appended octet. For a pseudonode it is a true (idLength+1) octet quantity,
hth octet Designated Intermediate System D and the extra octet assigned by the Designated Inter|
evel 2 algorithm it is either a

gth+1) octet Intermediate System er(pseudonode ID (as in the level 1 algorithm), or it is a variab
which will always be a leaf, i.e.{End system”, in PATHS).

N’s distance from S (i.e. the total metric value from N to S).

)} is a set of valid adjacencies that S may use for forwarding to N. When a system is placed
designated by itsposition in the graph is guaranteed to be a shortest path.

is a list of fiples of the form (N,d(N),{Adj(N)}), where N, d(N) and {Adj(N)} are as defined abovq

can _intuitively be thought of as a tentative placement of a system in PATHS. In other v
{ DANPENT means that if N were placed in PATHS, d(N) would be x, but N cannot be placed onl

te must be done
hanges (perhaps
tion. Thus, this

for the IS. If the
heir forwarding

htional Standard
st path.

tion. It is stored

is the idLength
omprised of the
mediate System.

e length address

on PATHS, the

for PATHS.

ords, the triple
PATHS until it

The triple (N,x,{4,B}) in TENT means that if N were placed in PATHS, d(N) would be x via either adjacency 4 or B

NOTE 79 As described above, (see 7.2.6), it is suggested that the implementation keep the database TENT as a set of lists of triples
of the form (* Dist,* ), for each possible distance Dist. In addition it is necessary to be able to process those systems which are

pseudo

C.2.2 Use

nodes before any non-pseudonodes at the same distance Dist.

of metrics in the SPF calculation

Internal metrics are not comparable to external metrics. Therefore, the cost of the path from N to S for external routes (routes to
destinations outside of the routeing domain) may include both internal and external metrics. The cost of the path from N to S
(called d(N) below in database PATHS) may therefore be maintained as a two-dimensional vector quantity (specifying internal
and external metric values). In incrementing d(N) by 1, if the internal metric value is less than the maximum value
MaxPathMetric, then the internal metric value is incremented by one and the external metric value left unchanged; if the
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internal metric value is equal to the maximum value MaxPathMetric, then the internal metric value is set to 0 and the external
metric value is incremented by 1. Note that this can be implemented in a straightforward manner by maintaining the external
metric as the high order bits of the distance.

NOTE 80 In the code of the algorithm below, the current path length is held in a variable tentlength. This variable is a two-dimensional

quantity tentlength=(internal,external) and is used for comparing the current path length with d(N) as described above.

C.2.3 Overv

iew of the algorithm

The basic algorithm, which builds PATHS from scratch, starts out by putting the system doing the computation on PATHS

(no shorter path

to SELF can possibly exist). TENT is then pre-loaded from the local adjacency database.

Note that a systq
the path to each
this new path w

If (M, **)is in ]
If the new path
old set (in TEN]

Next the algorit
with minimal x.

NOTE 81 This i
algorithm then in

N is placed in P|
in PATHS hav
minimal in TEN

When TENT is

: 1 3 DATLIO 3 1 1 1 . R as] P 1
TS TIOU P1aCCTU T TmATTTO ULLITSS TI0 SHOTICT DAl 10 UIdat S ySICIIT TXISIS. VW IICIL d S ySICIT 7V IS PlaC

neighbour M of N, through N, is examined, as the path to N plus the link from N to M. If (M,
11 be longer, and thus ignored.

[ENT, and the new path is shorter, the old entry is removed from TENT and the neWwpath is pla
s the same length as the one in TENT, then the set of potential adjacencies {adj(M),} is set to thg
[') and the new set {adj(N)}. If M is not in TENT, then the path is added to TENT.

im finds the triple (N,x,{4dj(N)}) in TENT,

b done efficiently because of the optimisation described above. When the list of triples for distance Dist is|

rements Dist until it finds a list with a triple of the form (*,Dist,*).

ATHS. We know that no path to N can be shorter than x¢at this point because all paths through sy
b already been considered, and paths through systemissin TENT will have to be greater than x
T.

empty, PATHS is complete.

C.2.4 Algorithm

The Decison Pr
algorithm using
algorithm using

If this system i
algorithm for cd
of the area’s m
System for the

will create virtu

cess Algorithm must be run once for each supported routeing metric. A Level 1 Intermediate Sy
the Level 1 LSP database to Compute Level 1 paths. In addition a Level 2 Intermediate Syj{
the Level 2 LSP database td compute Level 2 paths.

5 a Level 2 Intermediate*System which supports the partition repair optional function the Deg
mputing Level 1 paths' must be run twice for the default metric. The first execution is done to det
anualAreaAddresses are reachable in this partition, and elect a Partition Designated Level 2
partition. The"Partition Designated Level 2 Intermediate System will determine if the area is p:
] Level 1Ainks to the other Partition Designated Level 2 Intermediate Systems in the area in orde

Level 1 partitiot

C.2.5 Step

. This is\further described in 7.2.10.

Inittalise TENT and PATHS to empty.

d in PATHS,
s in PATHS,

ed in TENT.
t union of the

exhausted, the

stems already
because x is

stem runs the
tem runs the

ision Process
ermine which
Intermediate
artitioned and
I to repair the

Initialise tentiength o (0,0).

(tentlength is the pathlength of elements in TENT we are examining.)
a) Add(SELF, 0, W) to PATHS, where W is a special value indicating traffic to SELF is passed up to Transport (rather than

forwarded).

b)

Now pre-load TENT with the local adjacency database. (Each entry made to TENT must be marked as being either an

End system or an Intermediate System to enable the check at the end of Step 2 to be made correctly.) For each adjacency
Adj(N), (including Manual Adjacencies, or for Level 2 enabled Reachable Addresses) on enabled circuits, to system N of
SELF in state “Up”, compute

d(N) = cost of the parent circuit of the adjacency (N), obtained from metric k , where k = one of default metric, delay
metric, monetary metric, error metric.

Adj(N) = the adjacency number of the adjacency to N.
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c)

d)

g)

h)

3

C.2.6 Step 1: Examine the zeroth Link State PDU of P, the systemjust placed on PATHS (i.e. the Link Stq

a)

b)

d)

ISO/IEC 10589:2002(E)

If a triple (N,x,{Adj(M)}) is in TENT, then:
If x = d(N), then Adj(M) < {Adj(M)} U Adj(N).

If there are now more adjacencies in {4dj(M)} than maximumPathSplits, then remove excess adjacencies as described in

7.2.7.

If x < d(N), do nothing.

If x > d(N), remove (N,x,{Adj(M)}) from TENT and add the triple (N,d(N),Adj(N)).

If no triple (N, x,{Adj(M)}) is in TENT, then add (N, d(N),Adj(N)) to TENT.

Now adf any systems to which the local Intermediate system does not have adjacencies, but which|aj

neighbot

For all Hroadcast circuits in state “On”, find the LSP with LSP number zero and with thecfirst (idLen
LSPID 4qual to the L n CircuitlD for that circuit (i.e. pseudonode LSP for that circuit))If it is pre
neighboyrs N reported in all the LSPs of this pseudonode which do not exist in TENT add an entry (N
TENT, where

d(NJ} = metric k of the circuit.

Adj(N) = the adjacency number of the adjacency to the DR.
Go to Step 2.

Samy

If this L
with the
dist(P,N,

for each
set, only
metric k

If dist(P,
If (N.d(N

If a tripls
1) Ifx
2) If tl

ring pseudonode LSPs. The adjacency for such systems is set to that of the Designated Intermedis

b first (idLength+1) octets of LSPID as P, and LSP number zero).

bP is present, and the LSP Database Overloadbit is clear, then for each LSP of P (i.e. all the 1
same first (idLength+1) octets of LSPID as R, ‘itrespective of the value of LSP number) compute

= d(P) + metric k (P,N).

neighbour N (both Intermediate System and End system) of the system P. If the LSP Database
consider the End system neighbeurs of the system P. d(P) is the second element of the triple (P,d]

'P,N) is the cost of the link fromd-P to N as reported in P’s Link State PDU
N) > MaxPathMetric, then do nothing.
),{Adj(N)}) is in PATFHS, then do nothing.

(N,x,{Adj(N)})1s in TENT, then:
= dist(Pyl)ythen Adj(N) < {Adj(N)} U Adj(P).

lere  aré now more adjacencies in {Adj(N)} than maximumPathSplits, then remove excess

re mentioned in
te System.

gth+1) octets of
sent, for all the

[d(N),Adj(N)) to

te PDU with the

Link State PDUs

Overload bit is
P),{Adj(P)) and

adjacencies, as

deso

ribed in 7.2.7.

3) Ifx <dist(P,N), do nothing.

NOTE 82 d(N) must be less than dist(P,N), or else N would not have been put into PATHS. An additional sanity check may be done here to
ensure d(N) is in fact less than dist(P,N)

4) If x > dist(P,N), remove (N,x,{Adj(N)}) from TENT and add (N,dist(P,N),{Adj(P)}).

e) Ifno triple (N, x,{Adj(N)}) is in TENT, then add (N, dist(P,N),{P}) to TENT.
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C.2.7 Step2

a) Find the ele

: If TENT is empty, stop, else:

ment (P,x,{Adj(P)} ), with minimal x as follows:

1) Ifan element (*tentlength, *) remains in TENT in the list for tentlength, choose that element. If there are more than
one elements in the list for tentlength, choose one of the elements (if any) for a system which is a pseudonode in
preference to one for a non-pseudonode. If there are no more elements in the list for tentlength, increment tentlength

and rep

2) Remov

eat Step 2.
e (P, tentlength, {4dj(P)}) from TENT.

3) Add(P,d(P),{Adj(P)}) to PATHS.

4) If this
Design
is the N
2 LSP

5) Ifthes|

NOTE 83 In the]
cost.

C.3 Forwal
C.3.1 Exam

This procedure
level is level2,
the procedure r¢
call should be

If queue length
otherwise, they

PROC

VAR
adjAl
Forw
temp

BEGIN

(*Set a

IF leve

aderrc

P — R . ed—to—PATHS—tsted—iset
hted Level 2 Intermediate system, then additionally add (AREA.P, d(P), {adj(P)}) to PATHS; wl
[etwork Entity Title of the other end of the Virtual Link, obtained by taking the first AREA Tliste
ind appending P’s ID.

ystem just added to PATHS was an End system, go to Step 2, Else go to Step 1.

Level 2 context, the “End systems” are the set of Reachable Address Prefixes and the set of areaAddre

rding process

ble pseudo-code for the forwarding procedure described'in 7.4.3

hooses, from the Level 1 forwarding database — if level isdeyell, or from the Level 2 forwarding
hn adjacency on which to forward PDUs for destination dest. A pointer to the adjacency is return
turns the value “True”. If no suitable adjacency exists\the procedure returns the value “False”, in|
ade to Drop(“Destination Address Unreachable”, octetNumber).

values are available to the forwarding process, the minimal queue length of all candidate circy
hire used in round robin fashion.

EDURE Forward(
level: (levell, level2),
dest: NetworkLayerAddress;
VAR adj: POINTER TO
adjacency) : BOOLEAN

fray: ARRAY OF
ardingDatabaseR¢&eords;

, index, minQueue: CARDINAL;
N
djArray-to-appropriate database} *)
| = l¢vell THEN

y<levell ForwardingDatabase

f as Partition
iere AREA.P
i in P’s Level

bses with zero

database — if
ed in adj, and
which case a

its is chosen,

ELSE

adjArray := level2ForwardingDatabase

END;

(*Perform appropriate hashing function to obtain an index into the database *)
IF Hash(level, dest, index) THEN

IF adj

Array[index].splits > 0 THEN

(*Find minimum queue size for all equal cost paths *)
minQueue := MaxUnsigned;
temp := adjArray[index].lastChosen + 1;
(*start off after last time *)
FOR i :=1 TO adjArray[index].splits DO
(*for all equal cost paths to dest *)

IF

temp > adjArray[index].splits THEN

(*after end of valid entries, wrap to first *)
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temp =1
ELSE
temp = temp + 1
END;
IF
QueueSize(adjArray[index].nextHop[temp]) < minQueue THEN
minQueue :=
QueueSize(adjArray[index].nextHop[temp]);
adj :=

adjArray[index].nextHop[temp];
adjArray[index].lastChosen := temp;
END;
Forward := true
END;
ELSE
Forward := false (*There must be at least one valid output adjacency *)
END
ELSE
Forward := false (*Hash returned destination unknown *)
ENK
ENID forward;.
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Annex D
(informative)

Congestion control and avoidance

tion control

The transmit management subroutine handles congestion control. Transmit management consists of the following components:

Square root limiter. Reduces buffer occupancy time per PDU by using a square root limiter algorithm. The square root

limiter also
exhausted.

Originatin

An originating NPDU is an NPDU resulting from an NSDU from the Transport at this ES. A-transit NPDU

from anothg
Flusher. Fl

Information fo
experienced” bi

D.1.1 Squar

The square root
due to Congesti
as follows:

where:

N, = Number of
N, = Number of
The output que

process, and wh
layer for the pur

queues PDUs for an output circuit, and prevents buffer deadlock by discarding PDUs when the
D.1.1 specifies the Square Root Limiter Process.

b PDU limiter. Limits originating NPDU traffic when necessary to ensure that transit NPDUs arg
r system to be relayed to another destination ES.
hshes PDUs queued for an adjacency that has gone down.

higher layer (Transport) congestion control procedures is provided' by the setting of the
in the forwarded NPDUs.

e root limiter

limiter discards a data NPDU by calling the ISO 8473 discard PDU function with the reason “PIl
n”” when the number of data NPDUs on the circuit output queue exceeds the discard threshold,

Routeing Layer buffers (maximumBuffers) for all output circuits.
active output circuits(i.€: Circuits in state “On”).
he is a queue of ‘buffers containing data NPDUs which have been output to that circuit by th

ich have not yet'been transmitted by the circuit. It does not include NPDUs which are held by
pose of retrafismission.

Where a data
buffer and shall
single input date

PDU(is to be fragmented by this Intermediate system over this circuit, each fragment shall occu
bécounted as such in the queue length If the addition of all the buffers requlred for the fragn

fragments (including those which could be added w1thout causing the threshold to be exceeded) be dlscarded

D.1.2 Originating PDU limiter

buffer pool is

not rejected.
is an NPDU

“congestion

DU Discarded

. Uy 1s given

e forwarding
the data link

py a separate
ientation of a
d-that all those

The originating PDU limiter first distinguishes between originating NPDUs and transit NPDUs. It then imposes a limit on the
number of buffers that originating NPDUs can occupy on a per circuit basis. In times of heavy load, originating NPDUs may
be rejected while transit NPDUs continue to be routed. This is done because originating NPDUs have a relatively short wait,
whereas transit NPDUs, if rejected, have a long wait — a transport retransmission period.

The originating

158

PDU limiter accepts as input:

An NSDU received from Transport Layer
A transmit complete signal from the circuit for an ISO 8473 Data PDU.
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The originating PDU limiter produces the following as output:

- PDU accepted
- PDU rejected
- Modifications to originating PDU counter

There is a counter, N, and an originating PDU limit, originatingQueueLimit, for each active output circuit. Each N is
initialised to 0. The originatingQueueLimit is set by management to the number of buffers necessary to prevent the circuit

from idling.

D.1.3 Flusher

The flusher epsures that no NPDU is queued on a circuit
whose state i§ not ON, or on a non-existent adjacency, or one
whose state i§ not Up.

D.2 Congestion avoidance
D.2.1 Buffer management

The Forward|ng Process supplies and manages the buffers necessary for relaying. PDUs shall be discarded if Buffer thresholds
are exceeded. If the average queue length on the input circuit or the forwarding/processor or the output| circuit exceeds

QueueThreshold, the “congestion experienced” bit shall be set in the QoS anairntenance option of the forwprded data PDU
(provided thg QoS maintenance option is present).
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Annex E
(normative)

Syntax imported from ISO 10165-5 (SC6 GMI)

--E.1 Generic managed object class definitions

MODULE "Rec. X.723 | ISO/IEC 10165-5"

--E.1.1 Commmumicatiomimfornratiomrecord

-- The communi
-- the informatig
-- with a commu
-- object class, 1
-- the communig

communications
DERIVED FR(Q
CHARACTERI
BEHAVIOUR
DEFINED A

cationsInformationRecord object class is used to define
n stored in a log as a result of receiving event reports
nication information event type. The semantics of the
amely its attributes and behaviour, are derived from
ationsInformation notification.

InformationRecord MANAGED OBJECT CLASS

M "Rec. X.721 | ISO/IEC 10165-2 : 1992":eventLogRecord;

VED BY communicationsInformationRecordP1 PACKAGE
communicationsInformationRecordB1 BEHAVIOUR

S

'Log recordl class for communicationsInformation events.!;

ATTRIBUTE
information’]

CONDITIONA
informationD3
ATTRIBUT]}
informatiot
REGISTERED
PRESENT IF
communi
the instan
REGISTERED

N

D

ype GET;

| PACKAGES

taPackage PACKAGE

N

\Data GET;

AS {CommonMgt.poi informatignDataPackage(1001)};

| The informationData paramieter is present in the

ationsInformation event report corresponding to

be of communicationsknformationRecord.!;

AS {CommonMgt.mhoi communicationsInformationRecord(1101)};

-E.1.2 Communications:entity

-- Summary of g

-- 1. Added CC]J|

hanges t0~10165-5:

LT patt to document references.

-- 2. Gave plura

labels to setvalued attributes

-- 3. Fixed typo
-- 4. Did not reg

in label communicationsEentityld.
ister mandatory package.

communicationsEntity MANAGED OBJECT CLASS

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY communicationsEntityP1 PACKAGE
BEHAVIOUR
communicationsEntityBl BEHAVIOUR
DEFINED AS
A communications entity supports the disabled and enabled
values of the operationalState attribute as described in
CCITT Rec. X.731 | ISO/IEC 10164-2 as follows:
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